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Low-temperature carbonizution of coal in Japan served as an important 
Source of liquid fucls during the wor. Six plants opcreting in Japan Proper 
produced 203,069 KL (53.7 million gullons) of liquid fucl from 1940 until 
tht’ end = the wor in August eee ’ while vous oe ee in rn alc 
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Semicoke produced in’ these itd was used for dcmestic fucl, for gusi- 
fication in portable gas producers on automotive vehicles, end to replace 
imported low-volatile bituminous ‘coal ‘in’ ‘the’ monufdcture of metallurgical 
coke. Since 1936 one plant hud produced more thun 300,000 metric tons of 
semicoke for blending with bituminous coal to form coke, while the total 
production of semicoke since ‘the beginning ‘of ‘the industry in 1923 is cpproxi 
mately 2,000,000 metric tons. Despite un epparent annual cerbonizing cepacit 
of about. 25 000, 000 metric tons of coal for the entire country, thc maximum 
amount of semicoke produced during the peak year, 19435 was 46€, ae metric 
tons. 

The equipment uscd id ‘primdrily ‘é6f German design. Just beforc the cnd 
of the war, 6 plants using 20 Lurgi carbonizers wero oper«ting with a total 
rated capacity of more than ‘1,500, 000 metric tong of coel per year, while 2 
Koppors units had a cambined ennucl rated capucity of 400,000 metric tons of 
coal. One plant using the Japanesé-desigiéd ‘Mimura ’ eyeten was in service but 
with so much mechanical trouble that iis output was small, while in another 
plant 4 Wanishi carbonizers'of Japanese design’ but based on an-early German 
development were running satisfactorily, and carbonizing about 100,000 metric 
tons of coal per year. A single installation of 15 American-designea Knowle: 
ovens was operating near Tokyo but was carbonizing pitch for electrode carbor 


No true low-temperature process used in Japan could carbonize strongly 
caking coals satisfactorily. The Mimura process designed for this purpose 
was unsuccessful, as was the Shimomura process before it, while the Lurgi,- 
Koppers, and Wanishi systems operated only with neneakias or very weakly 
caking coals, The Knowles ovens, really a med Sn PenPeneLury pEateere could 
carbonize caking’ coal without difficulty. 
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War damage to these plants was severe. Only three were left in operat- 
ing condition or were so slightly damaged that only minor repairs would be ~ 
required to put them back into operation. More than half the. capacity was . 
in Karafuto and Korea and thus is no longer available for Japanese.:operation. 
The future status of most of tne plants is uncertain, depending upon economic 
conditions ee the country as well as control ye the occupation forces, . 
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INTRODUCTION . 


‘Relationship with Synthetic-Liquid-Fuel Industry 


: , 


Zistorical 


The history of.low-tcmperature carbonization in Japan in more recent 
years is connected closely with the production of synthetic ‘liquid fuels. _ 
Although originally conceived by Dr. K,. Shimomura in 1923 as a means of pro- 
ducing semicoke for use in blends for making metallurgical: coke, low-tempera- 
ture carbonization did not become ccmmercially important until emphasis was 
placed on the value of the Liquid Pees rather than on the semicoke, 


Because of the almost insignii “cant occurrence of Scteacun- au the home 
islands, the Japanese Government began in 1923 to consider a national liquid- 
fuel policy in an attempt to make the country independent of foreign sources 
of supply. Not until 19353, however, was eny definite policy decided upon -_ 
that of encouraging the development of-an industry for: the low-temperature 
curbonization of cosl and for increasing the production of shale oil at Fushun, 
“cnchuria. In 1934 q subsidy was grantcd to encourage the construction of low- 
temperature carbonization plants; but industry was reluctant to accept it, end 
10 progress was made. In July 1936 tho Government expanded its objectives to 
include all mcans of producing substitute liquid fuels, and in August 1937 a 
7-year plan was inaugurated. This included the Synthetic Oil Production Indus- 
try Law which was placed in force in Junuery 1938 and the statutes creating 
‘the Impericl Fucl Development Co. (Teikoku Nenryo Kogyo K.K..), which occume 
cfvective in Septemper 1937. The institution of this Government-controllied 
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company marked the first positive ‘step towards achieving a national fuels 
policy which was satisfactory to the Japanese. | 


Production plan 


The objective of the Synthetic O11 Production Industry Law, which was 
enforced simulvaneously in Japan Proper, Korea, Karafuto, and Formosa, was 
to establish the liquid-fuel industry as rapidly as possible. To this end, 
Government assistance was limived to Bergius hydrogenation plants with a 
capacity of over 10,000 KL;(2,642,000 gallons) per year, Fischer-Tropsch 
synthesis gas plants-with a capacity of over 10,000 KL (2,642,000 gallcns) 
per year, and low-temperature carbonization plants capable of processing 
more than 100,000 metric tons of coal per year. However, in 1941 these 
‘limits were abolished, and included were all plants producing fuel oil, 
lubricant, or cryde oil of a hydrocarbon base fram any raw materials except 
natural petroleum, the size limitations being restricted to a minimum of — 
1,000 KL (264,000 gallons). per year for aviation gasoline and lubricating 
oils, or 10,000 KL.(2,642,000 gallons) ver year of all other products. As 
an. incentive, all companies complying with this law were exempted from pay- 
ment of income tax, local tax, and import duty for equipment purchased abrcecad, 
At the seme time, the privilege was uwrented of applying an expropriation lew 
to cbtain land for the plants, and a suvsidy was allowed dependent upon the 
omount of liquid products actually meade. 


The law cstablishing the Imporial Fuel Development Co. provided that 
the company was cntitled to carry on any busincss thet would tend to pramote 
the preduction of Liquid fucls other than from petrolicum. ‘ Originel capitali- 
zation was ¥100,000,000 (the rate of exchange during 1940 end 1941 wus ap- 
proximatcly $0.23 per ¥) of which half was owned by tho government with” ”~” 
provision for un incrouse in capitalization only with Government approval ; 
later the capitalization wus oxpanded to ¥250,000,000. The president and 
vico-president of the company were appointcd by the government, with a term — 
of office of 5 years, and close governmental suporvision of thc company: was 
retained, To mako the investment cttractive to other intorests, the scope 
of the company was made cxtremcly wide, permitting the manufacture and sale 
of the products, the managing of other busincss enterprises pramoting syn- 
thetic-oi1 production, tho cbility to issue dcebonturvs up to five times the 
emount of the pcid-up capital, a Government guarantce stubilizing the face 
value of the shares and the prompt puyment of interest, the frecdom from poy- 
mont of dividends on shares held by the Government cxcept when the profits 
cxcceded 6 percent of the peid-up non-Governmont holdings, and the cxcmption 
, fran corporution and business taxation for 10 ycars. Oiviously these con- 
ccssions wore made to attract capital to an undeveloped industry which proba- 
bly would not be ca@mercially successful on the basis of frce enterprise, cna 
it is doubtful if any other country could have made o more camest attempt to 
promote favorable business conditions for an important new industry. 


Suvsidies and Costs 


Govornment subsidies for tho low-temperature. carbonization industry be- 
gan in 1934, when ¥10 per ton of ter produced was ellowcd in Japan Proper, 
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while in Karafuto payment was based on the amount of coal carbonized, being 
¥¢ per ton. This subsidy rate was maintained until 1937, the amounts esti- 
mated and those actually-paid being. shown below: _. 


Mmm te mete 


| | Suveidy: for low-temperature cartonization 
Year Estimated . Actually paid 
193 taececeeveneeen a eoear | ; 9 5.900 at, aed ee ee 

1955 coccceneceseces | 
TOSS Sawwaviawtcs sknite 
LOA]. caccuweeuceeece 
Total 


t is interesting to note that, despite this relatively low subsidy. level, 
an eHE ES to approximately 0.9 cent per gallon of tar, almost half the esti- 
mated subsidy actually was puid, although the. industry was' in: its infancy... : 
3ecause the Synthetic Oil Production Industry Law went into effect.in 1938, 
these subsidies were then changed; payments: being based on the quantity of 
gasoline and “of other liquid fuels produced. ‘These-new subsidies: were as _ 
follows: 

eae: _ ubsidies’ paid: for synthetic gasoline,.¥ per-.ton. . 
Year Fischer-Tropsch pean carbonization . 


1938... 0 - ot BBL B8. 
1939.0. m/e 66.00 > | 47.00 
1940... 72.00 °- |°* 60,00 :-: | 39.00 


1941... 72.00° °. |... ..:60.00 ... } 9,00 


- © © SS © © © @ ee @ @ 4, @ 


Subsidies” paid for other Tignia fuels ,:¥- per. “ton is 
Year | Hydrog enation | Fischer-Tropsch") Low-temp; - carbonization 


1938. «« 0 i... 0 tps essa FT 20-. 
1939.0. 34.00 | 47,00 | saves es -18,00 
1940... 24,00 ff 50.00 © the -- e+ ++ + -15,00.-. 
1941... 2h.o0 || | 50.00 7 13.00 


the more successful operation of the low-temperature carbonization plants is 


~ndicated by their lower average subsidy level, being for gasoline .57 percent 


end 68 percent, respectively, of that for the- hydrogenation ; and Fischer-— 
Tropsch processes. For other liquid fuels than gasoline the contrast is 
nore striking, low-tcmperature carbonization reteiving on the average only 
96 percent of the subsidy - for hydrogenation and BL pores of that for the 
Fischer-Tropsch process. > 

In 1942, following the start of the war, nese an pestis eas payments . 
were abolished, and complete control of the industry was takcn over by the 
Government. This control consisted largély of fixing prices, all liquid 
fuels being purchased by the Government-contrelled: Sekiyu. Kyohan Kogyo K.K. 
and in turn sold dt fixed prices to the ultimete-consumer.: Bosides furnish- 
ing a centralized pool for handling all liquid'fucls, including. those from 
petroleum, this 4lso served as a ready means of rationing liquid fucls for 
necessary nonmilitary purposes. Purchase prices and official selling prices 
of various liquid fuels during the war years were as follows: 
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Material -- 4 
Aviation Gasoline! £ 
Motor <guneaseiina : 


en 
‘o~b id 


Bunker fuel oil. . 
At P 0.25 Yen. saa 


The lowest mark-down ‘between purchase ets aa official selling pele: was . 
for bunker fuel o11 fran the low-temperature carbonization processes. As. 
will be shown later, this was the primary ‘Liquid product obtained fran these 
plants, amounting to more than’ a oe alt uc fuels they promucees: 


In order to meet the difference peeueen operating cost and revenye. ‘for 
the Imperial -Fuel Development. Co., it. waa necessary also to grant it yearly 
. subsidies in: addition -to. those paid. independent operating | penpan tees: ‘The 
extent of these: annual a ig showm below: | . | 


ae om. 


Subsidy for Imperial Fuel 


Yoar. , + Development Ca, | 
-1937 eee eewesrerecenecan.... maa a 2 8 , 094 ~ 
1938 @vreeenegeasesvecess 678, 387 

+. 1939 -- SELES OS Oe 8 ACMA O SIS Core Pike 1,938,000 

. 1940 Pacer oerecaceqeeene are ie 2 ,625, ODT. 
1941 Dee Reeeecesacsoeces | ae ay ,086, 052 
1942 Cogcccerceorcavevecece 4? 3,050, 650. i ih, et 
1943 ccecerrovccccsccene ae 7,497, 335... peg d te ag de 
Ags Terrrrerrere rer rat us 8 519,288... - a 


The total | eubeiay allowed this “organization thus pvoscded “¥29 mitten” Ata 
average ‘exchange rate of 235 cents, this would be equivalcnt approximately to 
$6.7 million American. . For the period from 1940 to 1944, inclusive, when. 
430,116 KL (113.6 million -galtons ) of liquid fuel was produced, the subsidy 
thorofore avoragcd ¥69 per KL, or about 6 cents per gallon, It should-be . 
realizcd that this payment covered only the difference between expenses and 
revenue for this one campany and that: the total subsidy.for the industry was 
much grcator. . How much groater is difficult to cstimate because of tho _ 
changing basis of payment. 
Statements of costs: incurred + under war conditions ieueiay havo: little. 
significance ; ‘but it is evident that: in. Japan, the production of synthetic 
liquid fucls was’ not’ camercially successful, despite tho high coat of in-.. 
ported petroloum. Even the Low-temperature carbonization processes ,: al thoug 
more nearly ee ficiont financially, wore not able to operate at.a profi 
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conti ty of Liquid Fuels Produced. 


- 
- 


As already noted, the. preuction-or iguia fuels from coal at. ook 
lower than that of other processes was. the principal stimulant to” the instal- 
aaction of a large, low-temperature caroonization dindustry..in Japan... -The 
3 owth of the industry. is shown in. table 1; “which also. indicates the negligi-— 
-le ‘amount of liquid products obtained ‘from hydrogenation. and the. small- amount, 
“ran the Fischer-Tropsch procesa,: resulting fram the “dnavility of. Japanese’ oe 
vhemists ‘and engineers to operate the plants successfully... Actually,- for’ the | 
-eriod 1940 to 1945, low-temperature carbonization, produced seven.times ad’ mucli 
L: quid’ prodycts, ag the combined synthetic liquid fuels industry. Daring’ the 
sume period, assuming a 75-percent yield of refined. fuel products from thé’ _ 
rude ‘oil produced in Japan proper, liquid’ fuele from low-temperatire cart doni- 
zation amounted to 33 percent .of that optained iron “domestic petroleum.."A ~~ 
conpar ison’ between the quantity. of. higquid: fuels” Feo coal and the ‘profuetiion eo 
of crude petroleum is” shown in table 2. iS) Hage. ase 


oat. 


_-, TABLE.i..- Liguid fuels tron Goal. a nedueri cas 
Total production, KL ean ae 
1 


Process | | 
w-temperature earcss ei eee ae ot weir ike sie, 
“gation: a otae oeee 
Japan Proper .seceseceve 14 331126, ‘699 |38, 30): 153,430 56, agua, hal , 13055068 7 
KAPALULO veeqereeeeerece't 8, 78314, 005 j25, 328 25, ~ hs 9a hag, 607 [128,706 
Korea. coe ssccgeeessceves tO ‘BL0" 14°56 oh 4118 aor 8 
Total te eceescceisonee [2 : ft. 
Fischer-Tropsch: ee aac ee Be a 
Japan Proper?/_ ivieeeiseww | Ls0CO). 1802 ‘10, wie 
Eydrogenation: gs Raa ae. 
Manchuria3/— pererevree?s Eas | 


2) ae 412 — 


Low-temperature carb cni- a sce ad . ee oy ey } a. 
zation: Sp BG | | : a eer 
Japan Proper nase 5,786) 6; ,895 [10, 119 | a, 15 14 pot om 53,6047 
KarafutoO oescessccaccens 21320; 313 4, 709, 6, 1616 | iS 157 A coe 34,001. 

2,000| 16 hoy: & 761. 1,506 


Koreu see ecececvrescdine 


pares 


Total PAI a 5 fe , ret 23, Fe sr hiog t30 

“ischer=Tropsch:' \° ek ! ee pe i uae 
Japan Properé/_ ens, “ugg - ,902 2 a 4, 140 | 470K! 1209, 19,219 . 

ivdrogenation: — ie al a ah ee 


of ~ ‘eee | | 


Fiscal year, Apr. Tiare She 
e/ No stated production outside Japan Proper. ... | 

2/ No stated production except in Manchuria, ~~ _ 
curce: Telkoku Nenryo Kogyo K.K. 2.) ee te 


y . . 3 . ue, . yy : . 3 . 
3738 i: we TY a ie 
197 . v2 , ; : . : a, ma 


Google 


ee ghee. | 77,936 


cae 


TABLE 2. - Comparison between liquid fuels from coal and production 


oi crude: petroleun. 


| ~Refined products | Crude-oil 


| Low-temperature | production, 
carbonization’) _ |Fischer-Tropsch | Hydrogenation | Japan Proper 
Thous and | | Thousands ‘Thousands 


+ Up 452: 4.72021, . ! ihe 7 
20 589 130” Bh! 2,865, 720; 190 | 269,354) 72.158 
25,492 |15,673' 4,140 |. | 
29, 906 a1, 806 | 
#s | 


i i194... ens 


: 1945.66 | 96,495} 
1944... ni, 20 


Fiscal year, Apr.’ 1-Mar. 41. 
2/ Japan Proper, Karafuto, and Korea. Co 
Source: Teikoku Nenryo Kogyo K.K, and Mining Bureau, Department of Commerce 
and Industry. . or PsA Bag ) 
Present..Status. .. dean 
..... After. the disastrous end of the war, the Japanese Government abolished 
the Synthetic Oil Production Industry Law and stated that no longer would any 
financial assistance be granted the synthetic-fuel industry. In an attempt 
to realize as much as possible of their investment, the larger companies made 
plans to convert those plants not completely destroyed by oombing, so that 
they could produce ammonium sulfate to. be used as fertilizer. The low-tem- 
‘perature carbonization plant of Nissan Ekitai Nenryo Kogyo K. kK. at. Wakamatsu, 
which was only Slightly damaged, was rapidly restored to service » and its. fow 
 Lurgi carbonizers thus were available as a source of semicoke and liquid fuel: 
_ The Lurgi carbonizers at Ube, however, were badly damaged and probaoly will b 
. Scrapped, although the Koppers continuous vertical ovens were being considere: 
for rebuilding. Low-temperature carbonization and synthetie-fuel plants -alik 
in: northern Korea, Manchuria, and Karaiuto, being under Russian control, have 
been considered permanently lost by the Japanese’, with the result: that they 
are no longer existent so far as future policy is concerned. ~— 

Lares-adale operation of the. synthetic-Liquid-fuct plents which remained 
standing in Japen Proper has been impossible because of ‘an ‘unparalleled short: 
age of coal, and at the end of the first year of occupation none of these 
plants were operating. Complete disruption of the country's” finances leaves 
the future status of most of the plants indistinct; the low-temperature car=- 
bonization plants visited were examined with this point in mind, and the 
probable future policy is described jater for each. 


oA me Oe pe 
- 


Scope of Re p ort 


The objective of this report is to give in considerable detail the oper- 
ating factors relating to the performance of low-temperature carbonization 
processes and to show the extent of the industry in Japan. Although all of 
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-né carbonization processes operating successfully were known prior to the 
var, Little information was available on their performance. The experience 
sained by the Japanese during the past 5 years: and reported here will permit 
evaluation of the suitability of these processes in the United States for 
Lue production of smokeless solid fuel. Also, since liquid fuels are an in- 


™~ NT 


sortant product of these plants, their production in Japan far exceeding that 
ci synthetic-liquid-fuels plants designed particularly for this purpose, any 
consideration of future liquid-fuels policy for Japan should consider that 


vreduced from coal by low-temperature er method: 


The data on which this report is based were obtained by patting cach 
ant understocd to have operated .a low-temperature carbonization process. 
x those plants in which the equipment was already dismentled, an attcmpt 
Wo8 Made to see any eppurdtus ‘still remaining, and the operation of the plant 
«23 discussed with the engineers who could describe its -performance best, 
many of the pz -oduction data at ‘some plants had been destroyed during fires 
riosulting fron incendiery raids. , in which case deta‘were scught. from Teikoku 
WD yO, Kogyo K.K. Sinco’'this company hed dircet: control of the. entire indus ~ 
try, information supplicd | by: it wos cone toot eo Eee sabes: 


| Units sod 


ra ae ‘ 
Throughout this report the units uscd are enose cammon in Japan, end the 
cnes in which the statistics were originally reported. Weights are expresscd 
in metric tons, shortcned to ton, and liquid products in: kiloliters, KL.: Gas 
volumes gre in cubic feet at Occ, and 760: mm. pressure... eaavene eo: oF these 
nits to others likely to be desired con oe ma de as bear saa 


Unit _ 7 Multiply oe | rn Result - 

Mctric ton 2,205 Pounds 

De °° «241083 Short. ton 
Kiloliter 7 629° Barrels 

Do. 264.2 U. S.-gallons. | 
Cubic feet, 09 C. 1.054 Cubic fect, 60° F. 

end. 760 mm. He ’.... .... °. ~~ and 30 inches Hg 
Cubic meters 35.3 Cubic feot 


For the convenicnce of the roadcr, temperature values in OF have nee 


insertcd aftor thosu in, °C; similerly, equivalent mc values have been 
licerted after volumes ' reported as K's. | 


| LOW-TEMPERATURE CARBONI ZATION PROCESSES 


"Definition: 


Porte aes carbonization is the ehystend.4 process. of. ecniving a . part 
cf the volatile mctter in coal by the application of heat in the absence of 
sir, the tempcraturc being restricted to the range 500° to 7009 6.. (932°. to 
1,c92° F.) to prevent as far us possible thermal decomposition ot .the hydro- 
croone cvolvca. The solid product remaining is termed "coelite” in Japan 
tut more properly is called "scmicokc" if made fromi.a weakly eaking coal, or 
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"char" if made from a noncaking coal. For the purpose of simplicity, the 
product will be referred to as “semicoxe" in this report. It is much more 
reactive than high-temperature coke, while the coal-tar contains more light 
fractions than that obtained from high~temperatwre processes, Because ther- 
mal decomposition, or "cracking", of the tar is slight, the amount of liquid 
products ovtained is two to three times oe caver yuan when the same coal is 
carbonized at 1,000° to 1,200° C. (1,852° to 2,192° F.) as in usual coke-oven 
practice. At the pang et the .gas yield is less, but the calorific value 
of the gas usually is higher unless it is diluted with the products of ca- 
bustion, equa vemee, used for suueriee eee of the coal in the carbonizer. 


. _ Use of. Products 


. . The principal uses of Seudedia are for (i) Baas fuel, where its re- 
activity and smokeless nature are particularly desirable, (2) commercial gas- 
ification processes: such 4S gas produccrs and water-gas generators requiring 
a free-burning fuel,- (3) portable gas producers on automotive vehicles where 
it substitutes for..charcoal, and (4) blending with high-volutile bituminous 
coal to replace all or part of the low-volatile bituminous ccal commonly uscd 
in the manufacture of coke of metallurgical grade. Semicoke generally is too 
friatle for use by itself as peepee kee fuel, as in blast furnaces, ena 
is toq reactive for euCe spun pOe ees : 


ious tonne deere ‘tar usually is refined aioetie for the speeniceien of 

liquid fuels, including motor gasolinc, semi-Diesel oil, and bunker fuel oil; 
the gas oil sometimes obtained also may te used as a Liquid fucl since it is 
Similar in ovoiling range to kerosine., Hydrogenation of low-temperature tar 
is simpler than the direct hydrogenetion of coal; thus the tar elso may serve 
indircctly as a source of synthetic liquid fuels. Because. low-temrerature ta! 
is rich in tar acids, it serves as an important source of creosote for use cs 
a wood preservative and also as a source of phenol and cresol. By suiveble 
refining processes, other products eee can be recovered, including parcfifin, 
naphtheleone, and xylenol. | 


Description of Processes Used 


\ 


General 


Six distinct types of cquipment have been used in Jepsen for the carboni- 
zation of coal at temperatures lower than 1,000° C. Although the temperature 
of the heating surface in some of one methods, may be higher than the rangc 
of 500° to 700° Cc. (932° to 1,292° F.) usually considered as low-temperature 
carbonization, thoy have been included in this study because of the increased 
yield of liquid products optcined or the highly reactive naturc of the semi- 
coke produced. So-called “medium-temperature” processes, for purposes of 
. Simplification, arc considered more properly to belong in the general class 
of low-tcmperature carbonization mothods, as opposed to the usuel vertical- 
slot oven operating ct high ie aaa primarily for the pence of 
metallurgical coke. . 


The six types and their individual fcatures are as follows: 
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rs 


<a - | ".! Carbonizing . 
- .., Type - of Method of. ‘Internal a agus a or 
Name retoyt.:., heating ‘agitation... °C.. OF. = Output | 
Lurgi- | Vertical, : Internal oe - a 600: . wb lle Continuous. . 
ee. Riek in, set, Pine ges dn, | | 
copperg . Vertical. Ekternal do__—«=—*700+850 1,492-1,562 Dos. 
slot, and | _ 
Stationary internal 
‘imura Horizontal, External Inter- 500 932 Do. = ca 
poe ene ee mittent. 
anemia Horizéntal ». os gee “Continuous, | a 930, Dow 
_ Stationery =. igh aieies 2 4 ek ee 8 
vanishi ‘Horizontal, do, - “None ie x, “500 Se 1,022. “De. 
rotating, oe : oe | _. | a 
Zrowles Horizontal, 40,. do, Eom, 2,102 °" Intermittent. ' 
jaake oven. es oar ae 


A brief descriptin of the. features” Of. each of these processes is included 
in this section, while more detailed. information on the performance of the 
equipment and the amount and quality of products obtained is given in the 
qocusel oe of each plant... 


turgt ee ew a “s 
The Lurel "Spul gas" system has been one of. the most sucéessful of the 
nore than. several. hundred patented processes for the low-temperature carboni- 
zation of coal... In 1939,. 18 Lurgi plants were eperating throughout the world, 
with an estimated total daily | capacity of he, 000° tons of coal’, P equivalent to) 
140 units each rated at 300 tons per’ day. ~ 


A single unit consista of two ‘parallel. , identical, " rectengular, vertical 
Shafte, each shaft heing. independent of the ‘other excopt ‘for ‘common burners 
supplying the heated gases for drying and for éarbonizing the charge and for 
Cimon gas inlet and offtake mains. Tho raw ‘coal enters at the ‘top and passes 
zl ee through three supcrimposed sections; in the upper it is heated to. 

C. (482° F..) for drying, in the carbonizing zone its tomporature is in- . 
a cabea to approximately 600° C, (1,112° F.),. and finally in the last zone it 
is cooled to 100° C.: (212° F.) before the semicoke ‘is discharged. Hcat trans- 
fer in cach zone is accomplished. by circulating large volumes of gas, the 
brocess ‘thus bcing one of internal heating.. - 

Because of the necossity of, recirculgting Bas , the gia pavtayine and tar- 
romoval system is an accessory part of the equipment. The volatile products ™ 
from. the carbonizing zono are led first to a precooler, where tar’ having a 
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softening point, higher than 4o° G, (104° F.) is condenged, thence to a Cottrell 
precipitator, where the tar mist and dust is removed, The: gas’ then passes 
through two water=-coojed towers where additional tar is condensed, through a 
gas blower to a last cooling tower, and finally to an oil scrubber where the 
light fractions are removed. The purified cold gas fraa the scrubber returns 
ta the carbonizer, where a large proportion enters the coolirig zone and “a part 
is burned to Supply the heat necessary for the process. Excess gas is with- 
Grawn from the system after the scrubber and is used as a fuel gas for steam 
generation or other heating applicationg. Further details of the. process .are 
included later in the description of the Nissan Ekitai Nenryo plant at Wekama- 
tsu, Fukucka-ken,. 


Kopperg 


The design of the curbonizing section of the continuous vertical Koppers 
ovens, intended primarily for the production of coal tar and. Synthesis ges, is 
similar to that of German Koppers high- temperature ovens, Heat generated by 
burning gas in flues of silica brick is transferred to the charge by conduc- 
tion Tromthe hot brick walls, the difference from usuel practice cmsisting 
in the movement of the coal continuously downward rather than neing charged 
intermittently and pushed horizontally at relatively long time intervals. 
Alao, the coul used must be:.noncaking,for no provision is made for mechenic- 
ally removing the semicokc formed. Large quentities of steam added below the 
carbonizing zone in the continuous oven also is a point of differonce, the 
. resulting water gas not only incrcasing the gas yield but, in conjunction 
with, the undeccmposcd Steam, Serving to-aujment. the transfer of heat to the. 
charge. The method, thercfore,-1s a cambineticn of extcrnal and, internal 
heating. . gh ; 

Because tho temperaturc in the flucs renges from about l ee, (1, e309. } 
at the bottom to 850° C. (1,562° F.) at the tov, the process is generally ~ 
termed “medium-temperature", carbonization oy the operators, as the estimated 
maximum‘ tomporature of the charge mcy be 800° ¢.. (1,472° F.)s Same thermal 
decomposition of the tar vapors is certain to result from contect with the 
hot walls, ther¢fore the tar yield. would be less than with ee aad heated 
processcs having the same carbonizing tompcrature. |. - 


Since the yicld of gas from these ovens is largo, they are usually em- 
ploycd in applications where synthesis gus is required; heating of the flues 
in such cases. 1s done with producer gas generated froma part of the semi- © 
“ coke . es Cool tax is recovered fram the gas by conventional mocens. . 


Mimixra, 


_Dosigned, de 1938 by Ss Mimrn of the “Tokyo Gasu K.K., this process WES 
intendod, originolly as.a source.of low-temperature tar. for hydrogenation. to 
produce liquid fucis. trongly caking bituminous coals were used because the 
yield of tor was expected to bo greater than with nonceking coals, and the 
“resulting semicoke would be more reactive, the externally heated rotating 
horizontal cylinérical retort. with countcr-rotating, oscillating reoble arms 
is similar in principle to types developed, in other countrics, but the es 
errungement of mechanical cquimment for driving the moving ports in unusually 
complex. 
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The retorts are constructed of mild-steel plates by forming and welding 
end are 25-1/2 feet long and-25 inches inside diameter. Agitation of the 
charge. is obtained by slowly rotating the internal rabble arms intermittently 
end by moving them horizontally lengthwise through the forming semicoke. ‘he 
charge is moved through the retort during the forward stroke of the agitator 
ty blades in one plane at right angles to the. concentric central shaft. On 
the :return stroke the agitator is ‘rotated so that the blades are withdfawn 
iran” the. charge and pins making up the remainder of the circumference of the 
chaft: are dragged through the ‘plastic coal. Together. with the continuous 
rotation of the retort, this agitation increases the ratc of heat transfer 
and is intended to decrease the tendency of. the, coal. to form large massés 
of ne thus minimizing adherence of semicoke to the walls of 
tne PeEOE Ya _ . 


' The. retorta are mounted three high in patterics of 2h, each ‘group af 3 
retorts being heated in an individually gas-fired porractory furnace. Reé- 
renerators are provided but are not uscd. The temperature of the steel shell 
of the retort generally is mdintained at. 550° C. (1,022° F.),; but the ‘tom- _ 
rerature of carbonization is 500° ‘op (932 F. ye 

_ Tar recovery and processing. aa done mys the “usual | egutmcnt ¢ of ‘byproduct 
coke Planta. 


Since. ee. 


This process by K. Shimamura, patented in Japan in 1923 as. No. 50,532, 
wes for the purpose of furnishing semicoke for blending with high-volatile 
cituminous coal to produce a blocky coke suitable for foundry or metallurgi- 
cal purposes. It uses externally hcated horizmtal, cylindrical, stationary 
cast-iron retorts, generally arranged in pairs one above the othor,- cach 
nair constituting one. set. Each sct is-cnclosed in e gas- or coke-fired 
refractory. furnace for héeting.’ Tne rctorts usually arc 12 tect Jong and 
2 feet in diametor and have a rated capucity for cach scv of 8 tona of coal 
pur day. The upper retort is fod with raw coal by uw gastight BCrcew conveyor; 
at the far end the partly carbonizcd charge passes through a vertical con-- 
necting pipe to the lower retort, und the final product. leavcs the sct through 
@ serew conveyor and water seel,' The gas offtakc is lccated at the. junction 
point of the,two retorts, - a “ ae “ org GD ge 

Each retort has a water-cooled, concentrically located, hollow shaft, 
cxterneally driven, provided with rabtle urms bent near their ends so ‘cs to 
propel the charge through the. retort. Driven at 130-150 r.p.m., these arms 
serve as an ottrition-type pulverizer.and not cnly provide for leteral move- 

acnt of the charge but arc also intended to prevent it from agglaerating 
into large masses or. aticking to the walls of the retort. -Because or the 
crushing action resulting from tho relatively high peripheral speed “of the 
arms, the semicoke produccd’is in small, rounded particles, most of which 
will pass u 1/8-inch siove. Temperature of the coal in the. carbonizing zone 
usually is not ence than 300° Ce (952° F. Me . 7 
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Wanishi 


Designed by M. Kawaguchi in 1936, this‘type of carbcnizer uses an ex- 
ternally heated, rotating, horizcntal, cylindrical retort without internal 
agitation. Movement of the charge through the retort is by a continuous 
internal spiral flange; thus it is a replica of the Thyssen retort developed 
in Germany prior to 1920. Each retort is 76 feet long and 7’ feet 10 inches 
inside diameter, rotates at 0.28 r.p.m., and is mounted in an individual 
gas~fired furnace without recuperatcrs.. Because of the large size of the 
unit, and consequent high thermal losses, the quantity or gas used for heat- 
ing purposes exceeds that obtained frcem the process, and it is necessary to 
use a supplementary source of ges. The temperature of the retort Shell does 
not exceed 600° C. (1,112° F.), and the carbonizing temperature is about 
550? Cs (1.4022 Bs.) 


An inclined rotary drier, 73 fect long and 6 fect 4 inches inside dian- 
eter, dries the coal before carbonization and is internally heated by prod- 
ucts of combustion withdrawn frem the main heating chamoer. it is connected 
to the carbonizer by a closed hopper and a rotary fecder , which prevents 
loss of byproducts. The drier rotates ate r.p Mm. 


The objective of this process is the pRonietiGi of semicoke to replace 
low-volatile bituminous couls for coke blencs. Since such blending matcrials 
need not be in the larger sizes but instead are crushed before mixing, the 
use of noncaking coals for the production of small-size semicoke is justi- 
fied. Dust in tho offtake gases is minimized by the low velocity of the 
gases leaving the carvonizer and is removed by a hot, cyclone-type, dust 
collector. The process is not suitable for strongly caking coals. 


Knowles 


The Knowles ovens uscd in Japan are a duplicate of those in the United 
States and were constructed fram plans furnished by an American enginecring 
company. The method consists of heating a charge of coal on a horizontal 
refractory surface or “sole,” which in turn is heated from beneath by gas 
burned with air preheated in a regenerator. Because the coal is not con- 
fined betwecn two fixed refractory walls, as in the usual vertical~slot oven, 
expension of the coal during coking causes no trouble. Also, Lecausc of 
rapid rate of hcating of the coel charge, it 1s possible to produce a satis- 
factory grade of coke from coals normally cons itones poorly coking in slot 
ovens. 


Fifteen ovens usually are constructed in one battery, Each oven is 9 
fect 9 inchcs wide and 40 feet long, with a longitudinal arch having a 6- 
foot radius and a rige of 2 fect 5 inches. The ncight from the floor to the 
springlinc is 1 foot 10 inches, but the maximum depth of coal cherged is le 
inches, Coul is dropped from the top of the ovens through eight churging 
holes uniformly spaced in pairs along the length of the oven and is leveled 
by a mechanical arm operated from the pushing machine. The carbonized 
charge is removed by a pushcr of usual design running on widely specced rails 
parellcol to the battery. The ges and tar evolved fram the cherge are removec 
through a single offtake pipe in the crown of the erch ncar the end of the 
oven. 
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Although the fluc temperature may be as spigh as 1,250° c. (2,282°F.) 
end the floor tile surface 1,150° C. (2,102° F.), thore is little thermel 
decomposition of the tar, since most of it passes upward through the cold 
charge of coal and escapes without coming in contact with heating surfaces. 

thus, the tar yield is greater than in vertical ovens where much of the 
ter-leaden gases comes into contact with tho hot refractory walls. Since 
the resvlting preduct is c mixture of high-temperature coke from the por- 
tion of the charge resting directly on the heated floor and low-temperature 
semicoke from thet in the uppor part of the charge, the ratio depending 
upon the duration of the coking period, the process te aaa considered 
cs mcdium-temperature carbonization, 


LOCATION OF PLANTS — 


. Japan Proper 


Eight commercial-size plants for the low-temperature carbonization of 
coal have been operated in Japan Proper; their location is shown in table 3, 
with one in Kyushu, six in Honshu, and one in Hokkaido. The first of these 
plants was built in 1923 out was small in size and was dismantled in 1930 
because of mechanical shortcomings. Two others were built prior to 1940, 
cut not until wartime shortages of liquid fuels cecame imminent and importa- 
tion of petroleum stopped did construction reach its peak. During the period 
October 1940 to November 1943, five plants were placed in service with a 
tctal rated capacity of 1,270,000 tons of coal per year. The actual maximum 
input obtained for all the plants in operation at any time during the period 
December 1941 to August 1945 was 871,040 tons of coal per year. 


Karafuto and Korea 


Two plants were installed in Karafuto, both using the Lurgi process 
and with a total rated input of 561,000 tons of coal per year. The plant 
at Naihoro, the first Lurgi installation in Japan, was designed to be the 
largest in the Orient; during the period 1940 to 1945 it was the énly low- 
temperature carbonization plant that processed more than 1,000, 000 tons of 
coals Table 4 gives same details on the plants. 


Manchurta 
Although one Lurgi carbonization plant was being constructed at Chielin, 


the installation of carbonizers was only 50 percent camplete, and no produc- 
tion was obtained bcfore the end of the war. 


Incampleted Plents 


Six plants for low-temperature sarbandeatien remained incanareted at 
the end of the war. The location and approximate size are given in tablc 5. 
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TABLE 4. - Lov~benperatine carbonization Senta in Karafuto and Korea 


| Te] Input capacity, | 
tons coal ta le F. 
Neme of per year Operating — 
operating | Process | | \Maximum | . period: '|Pres ent 
. compan; - Location '} used | Rated joptained | Started Ended atace 
Teikoku Nenryo Naifuchi, |Lurgi- 330,000 /156,734 |Dec. a 3! ND - {Unk mo 
_ Kogyo KeKeerwe | Karafuto ‘ : " 
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Naihoro, | 
Karafuto 
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Kogyo Keke eve 
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a 


ND | Do. 
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j { 
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ee - ae . = : | | ‘ke : ae a age 
Nippon Chisso |Eien,. — “do, “te "ND. |: ND. | sie ND |* “Do, 
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DESCRIPTION OF PLANTS --JAPAN PROPER . 


Nissan Ekitai Nenryo K.K.' - Wakamatsu Works 


poetics 
The Sant is in. Wakematsu-shi, Fuluoka-ken . Kyushu. On the northern edge 
of the Chikuho coal field, it is within a short distance of the largest coal- 
producing area in Japan. Production from seven nearby mines of coal having 
the special weakly caking characteristics best-adapted to the process was 
1,721,000 tons in 1936, whereas the. maximum demand for the eee would be 
approximately 400,000 tons of coal per oe: 


History 


Founded in February 1939 with a capitalization of ¥10,000,000 shared 
equally by Nissan Kagaku Kogyo and Teikoku Nenryo Kogyo, this company was 
formed with the primary objective of producing liquid fuels directly from 
coal, The method chosen was. low-temperature. lcarbonization because of thé 
satisfactorily high yield.of liquid products, the simplicity of the process, 
and the low initial outlay required. The first carbonization unit was placed 
in operation in March 1941, and immediate plans were made to expand the plant 
in accordance with the 1941 Government. production | plan. - In. December 1941 the 
capitalization was increased to ¥15,000,000, and at ‘the same time ¥15,000,000 
was borrowed from Teikoky Nenryo Koays; F ener! 50-percent owned by the Finance 
Ministry. With these funds, a second carbonizing unit was placed in operation 
during May 1943, a third in May 1944, and the fourth and last in November 1944 
The. capitalization of the company was jAncreased to ¥25,000,000 in November 
1944, with the entire stock ‘atill herd: by the - ey ‘two. ‘companies. 


Equipment 


Carbonizer. - The ise Ge tea is Geek at ‘this pliant, cach of the four 
carbonizers having a design capacity of 300 tons of coal per day. Original 
drawings and detailed engineering information were obtained fram Lurgi- 
Gesellschaft, Frankfurt-om-Main, Germany, which also furnished a resident 
engincer and two crectors to eupervise construction of the first unit. With 
the exception of some special refractory shapes and the burners, which were 
imported fran Germany, this unit was built ontirely in Japan. The. three 
carbonizers constructed later wore cxact copics of the first and were built 
and opcrated without outside assistance... .. 


The internel arrangement of the Lurgl carbonizcr, including the campli- 
cated gas flow patterns, is shown in figure l.: A photograph of the Lurgi 
carbonizers is shown as figure 2. The method of admitting and withdrawing 
the gases from cach section is evident, a8 isthe mcans of inducing gas cir- 
culation by built-in blowers. Although the equipment appcars camplex, in 
reality it is simple in operation, the omly moving parts being the rotors of 
the two circulating blowers, a scraper for preventing accumulations of dust 
ond tar in the offtake gus plenum chamber, the reciprocating grate for re- 
moving the scomicokec gradually from the carbonizing zone, and the rotary-scal 
volves for discharging the cooled semicoke onto a belt conveyor... 
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Figure |. = Lurgi low-temperature carbonizer, showing internal construction and path 
Rated capacity, 300 tons of coal per day. 
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Figure 2. - Lurgi carbonizers at Nissan Ekitai Nenryo Kogyo K. K., Wakamatsu, 
Fukuoka Prefecture. 
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( > Coal 300 tons per day 
Moisture 


CARBONIZER 
ce Excess gas 
62,100 cu. ft. per hr. 
(Gas) 
353,000 cu. ft. per hr. 


MIDDLE-OIL RECOVERY 


Oil 
scrubber 


| aaah 


Cottrell 
precipitator 


Tubular cooler 
Tubular cooler 


To middle-oil washing 


Heat exchangers 


Crude 
gasoline 
4.0 KL 


GASOLINE WASHING GASOLINE RECTIFYING 


Rectifier 


cz) 


Ei 
De 
i 
= 
bet 
= 
= 


N Tt her lud Waste Residue 
= a) Compressed Zz H,SO, sludge water 0.6 KL 
air Water 
; 
3 ae) 
I receiver 
, 1.4 KL 
To middie-oil 
washing 


TAR DISTILLATION 
SS ULLATION © 


280°-340°C. 
fraction 


8.5 KL 280°C. fraction 


To dewaxing To middle-oil 
washing 


Fi 
Hire 4. = Flow sheet for Lurgi low-temperature carbonizer and 


byproduct-recovery system, including middle-oil and 
Gasoline processing and tar distillation. 
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Tar-Recovery-Systen.. .. The sy ‘stem iced for eer tar is shown, eche-" 
ically in figure 3, in_ which is included data on the pressure, tempey ature, ° 


at 
4 volume of the gas. -In all, four. cooling towers: are’ used to reduce the-.. 
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venpera ture of the offtake gas "from 210”: C.' (4299 F,) as it leaves the gars. , 
cnizer to, 20° Cc. nil F.) as it reenters ‘the ee sapers ‘zone. Because of the -. 


tavor fiierine the precooler. This. precipitetor. nae a reheat ct area... ae 


cf 63 square fect and a length of path. of 14 feet,. Nine’ plates .are-uséd and. 
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.V S¢ts of ionicing wires, each set .consisting of 10 -wires hanging froma = 


cmon electrede holder. The potential used ‘is 50,000 volts supplied by a .- 


ee converter, and the current is, 3 to 4 milliamperes.’ ‘Such units’ usually: ; 


ve trouble tarough bridging of the clectrical insulators, ‘thus short-cir-. eee 


cuiting the powcr supply. In this case, however. electrical resistance 


reaters installid in the insulators raises: their temperature. to 30° to 50°C, as 


(c6° to 122° F..), at which point tar does:not condense; ane no trouble ‘is” 
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‘ Byproduct Procesathis.- =, trues kana § 5 are flow sheets of the process. a 


They show the mcans used to refine the erude Liquid. materials from ‘the cara 


tnizer, and the quantity - Xo) it intermediate and final products based on.’ 1 expected a 
Pe-TORMANce e - ‘These may be ‘sumer ized as follows: ou _ Sener | pie ee 


Prodicted orformance of Lur 1 carbonizer 


. oti | 300 tons of “ooal per aay, 


Outout 


Material 


Cresylic acid .... 
TOCAL sos w2-6 


Scmicoxe sescveseee!: - | 

Ge. sisiaGeeueceuel oy hae hoo < Cie ft: ‘ cat { = 
i. (lea B.t. ay one fe: a a 

Motor gasolinc ....-2.7 KL (sp. re = 0. 79) : I 2.13 i Ps 

Fucl oil herehGte ter KL aie Bre: ‘= 0 (98) | 1 154 7 . 5,2 

Pitch serecnentiee| | . | re a } 19 - 

Crude paraffin ...|. i= | VOD | ee * 


tat Balance 


aS 


A heat balance was ‘canputed. ‘for a 10-day test during June 1941 Z when 
‘ne first unit hed been in operation for 3 months, The results are given 
in the usual graphic form in fighro’ 6s tabulated they aro as follows: 
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Heat Balance 
% s ‘Input: | . , 109 K~cal. | Percent 

Coal COSC CH CLEC TOC COC CECE TREO CERO RH ESE BOO CED E BOREL i 5300 . ; 66.35 
Air for cambustion (20° C.) (689 F.) seccecccoccs 3 0.0 
Gas for drying (20? C.).sssccasreceweeceseeveres | 238 j 1.1 
Gas for carbonization (20° C. ) corerecescvesorecse | ; 406 | | 1.9 
Cooling gas (20° C.) OROCHOSEL CECE CEE EC SEO DO SCEOE OOS ae Mt | 12.7 
Dryer circulating BAS ceccccccsevesseceresscvocsore ; 925 | | 4.2 
Cooling-zone circulating gad cvcececcccccvccvccns | 3,005 ! 13.8 

Total See es kiss ea Ga debae peewee eeaieee ce seen i 21,85 ; 100.0 


Output: 


Semicoke, latent Heat cssvcevocscccvcevcccervecceses, 9,520 | 43.6 
Semicoke, sensible. heat COCCTET CHOOT HELO THESE LOSE LE ef | ol 
Tar COA CER OO HTO COCR O Cee O HE HOE RATES SEED OO VED EOC® ; 1,258 | Det 
Middle oil CH OHH HAC TEMOFTEreH ere Do eDeO Ce HO OE HE OS THD | 3.4 
Gasoline CHCOCC ER OCT CESK ECE ROO DEMO LTESHELEE SESE ORCS es 340 | 1.6 
Carbonizer outlet. gas, sensible heat. (20° C.) ... . 576 i 2.6 
Scrubbed gas COC CoC eM OORP COKE CDeOrELErECeoeeeeo®D 4 168. | 19.1 
Waste ZaS wecocce PeeeVacecaeweoceseeonsevercersererverce 7O | ath 
Dryer circulating gad aipsconconsevccesesseccceee: 5 4.2 
Cooling-zone circulating GAG -cvececcvevcvsogsrecrces | 4 r 
Heat loss (by difference) .cccccccccsaccceccesces | 5.6 

ESA Es 0.0 


Repseaaes on. the. ne of ihe ‘coal charged to the darbonizer, 65.6 per- 
cent of the heat input appeared as latent heat in the semicoke; the liquid 
products contained 16.1 percent. and the excess gas Galt percent, giving a 
total thermal efficiency of 86.8 percent. The losses (13.2 percent) were 
made up of 0.5 percent in the waste gas, 0.e percent as sensible heat in the 
semicoke, 8.5 percent ‘through radiation and other unmeasured losses, and 4.0 
percent as sensible heat in the gas leaving the caroonizer. 


Operating Difficulties — o Me 8 


Following the firet 13 months of continuous operation, | the plent was 
not running satieractoriy. The internal condition of thé ‘Gatienizer was 
checked carefully, as were the: various units ma the ‘byproduct-récovery system. 


4 


In the carbonizer, sovere ‘spalling of the brick lining in the dryer sec- 
sulfuric acids. Penetration of moisture caused swolling, with thé result 
that the bricks originally 115 mm. (4.53 inches) thick, were reduced to only 
65 mm. (2.56 inches)., In the lower part of the dryer whee ‘the ‘temperatures 
are higher, no such damage occurred. The steel shell of the dryer section 
was badly corroded internally, and the cast-iron gas main ‘connecting with 
the circulating blower also was seridiisly torroded. The stcel duct meking 
up the circulation system was perforated, necessitating replacement. Al- 
though the usual design of Lurgi carbonizers includes the removal of sulfur 
from the gas uscd for heating in the. drycr zone, such. provisions were not 
meade in this unit, the application of an acid-resisting peint to the stecl- 
work being used instead. Inadequate protection by the paint film a 
corrosion to occur. 
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Deposits of dust and pitch in the carbonization zone resulted in sane 
distortion of gas. flow, although insufficient to disturb normal operation, 
Partial choking of.the gas distributors caused tar to condense in the semi- 
coke hopper,. while the cooling gas main was almost entirely blocked by a 
large quantity of. coal dust. and small-size semicoke, After these deposits 
were located, a method of regular. hand poking using poke:holes in the car- 
ponizer and the gas. main was tate to ae such acount in 
ruture. 7 oR ty te ce | Lay iA “ | | 

Although the blower wed for eicuictine the — gases sheved: a6 
wear, the blading of the cooling-gas blower was badly eroded by dust and 
was cracked, despite the fact that it was ‘constructed. of a heat-resisting 
alloy steel... There-was no unusual wear ot De oe cama sc ‘the coke 
extractor. was - good. condition. : oe 1A 


‘The casing of ‘the eiccodiey was. se paaly: erroaeis as was the first cooler, 
All pipes carrying carbonization products were badly attacked, particularly 
where. welded, the same loss of metal oeing observed in the ofL enke There 
was no en aea es ees to the:: Cotbrell. Decree es? . a 


Coal Used 


Quality. ~ The coal found most suitable for. use. in the Lurgi carbonizer 
was fran the Takamatsu mine of Nihon Tunko K.K., located near Orio, Fukuoka- 
ken. Based on analyses made mo me. ee oe nee of a: p bypica> 
pao pment was a8 follows; : | 


"gnalyeos a * Tekamateu, coal 
‘Percent _ — a. 7 Calorific 


Proximate analysis |  -value, 


- Moist ee matter. .: Fixed. canes" eh » Sulfur 


“Vatumate 5 analysis, See 
alg .C No". Op SS. “Ash 


5.5: Bu2. Ta 28 Ov’. 15.0 


 Piehee-Hawver anal yaisy- Pees 
Tar Coke - Gas Liquor Gas |: 


. Te. b oe 3 0. 85 


rare than I inch 
2 ‘ ” 
i RA A OLE LT Om 
to the A.S.T.M. method of classification ‘by rank. -As such, it is similar 


to many of. the coals foind in Tllinois, | Colorado, | as cus in other 
nidwestern: coal fields os the eee Sane gee 
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. The éaking tendency of the coai is slight, being only 1.5 to 2.0, as 
measured by the Campredon-Gray methcd. In this.test, 25 grams of a mixture 
of sand and finely grownd coal is heated to 1,000° C. (1,8329 F.) ina | 
platinum crucibie, the coherence of the cooled'mass being tested by deter- © 
mining its ability to resist crishing. The greatest ratio of sand to coal 
in a mixture which will just support a 500-gram weight is expressed as the 
caxing index. Strongly caking coals, such as Yubari, have a Aa index 
of 30 ‘by this method; Tor pope ete coals frcem Ube , itis 0. 


Effect on Performance, ~- The output of the banocniaes depends upon. the 
caking power of the coal used, since this property affects the pressure ~ 
, drop through the carbonization zcne and consequently the mass flow of hot © 
gases. Strongly caking coals cannot be used because of the formation .of 
| lumps of coke, interfering with the flow of the charge by gravity through 
the carbonizer and upsetting uniform gas-flow conditions. Neither can non- 
caking coals be used ‘with complete satisfaction because of size degradation, 
the excessive fines blocking the flow of the carbonizing gases. For in- | 
Stance, tests made with coal from the Ube field having a caking index of 0 
showed that. the pressure drop through the carbonizer was 60 mm. (3.15--inchs 
water gage , ‘and the maximum input obtainable was. 259 tcns of. coal per day. 
With Takamatsu coal having a‘ caking index of 1.5-to 2.0, the pressure arcp 
was 40’ to 50 mm. (1.57 to 1.97 inches) water gage, and an input of 350 tons 
per day could be maintained. Using coal of the size consist given above, 
only 20 percent of the semicoke would pass a 3/8-inch sicve when cervoni7 ie 
Takamatsu coal, but this was.increaséd to 60 percent with Ube coal. Further 
the semicoke from Ube coal was extremely friavle and had to be handled care- 
fully to prevent further size degradation. . Coal from the Fushina field in 
Worth China having a caxing nee of 1. ?. gave results Similar to that with 
the Takamatsu coal. oe . . 


Blending of coal was tried in the ae ccume to obtain greater seeaheeica 
using a minimum amount of. Takamatsu coal, since this coal was in great de- 
mand by other industries, purticularly for use in gas producers. Onc test 
showed that a mixture of 80 percent Takamatsu, coal and 20 percent coal frem 
the Akaike field with a caking index of 4.5 could be carbonized at a maximun 
rate of 250 tons per day. Hend poking was required, and occasionally raw 
coal appeared in the semicoke, although ‘the pressure drop was no higher than 
with Takamatsu coal alone, Agglomeration sometimes also was noted, for 
masses consisting of two or three particles of Akaike coal often appeared 
in the product. If shortages continue. in the availability of coals having 
a caking index. of’ 1.5 to 2.0, future plans. of thé company: inelude briquett- 
ing of the smaller sizes of coal before cay cnasevrehs reece the . increased 
costs or this procedure 


Quantity. - The amount of seat eecbonis aly this plant is. listed in 
table 6, For the period from March 1941, when the plant was put into opera- 
tion, until August 1945, when-it was stopped, 626,240 tons of coal had been 
carbonized. The greatest input for any one month with only one carbmizer 
operating was 11,109 tons in April 1943; while in December 1944, just after 

the fourth unit was placed in service, the maximum monthly input by the 
plant was reached - 22,010 tons of coal. Since it was usual as a matter of 
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policy to keep one carbonizer idle as a spare, this represents the coal used 
by three units, oramonthly input of 7,337 tons each. An examination of the 
production data sugyests that 8,000 tons of coal per month is the probable 
average capacity cf each unit operated under normal conditions. As the 
rated capacity 1s 9,000 tons per month, this represents an expected availa- 
bility approximately of 90 percent. 


Products 


Scmicoke. + The properties of the semicoke produced are as follows: 
Proporties of Semicoke 


Percent | , Calorific 
“Proximate analysis _ value, 
Moist Vol. matter Fixed carbon Ash Sulfur Beteu- (1d. 
1.0 9.5 67.0 2265 0.4 LO, 
Size consist, percent 
Larger than 1 inch Jl inch oy 3/§-inch Smaller than 5 [8 inch 
LO | @) 20 
Strength 


Material retained on sieve crcent 


Original samplex/ ences 55.0 100 = = 
Shatter test2/ ..ccesseee 2208 87.0 95.3 96.2 
Sample specially selected for size. 
2/ 22-pound sample dropped 4 times from height of 6-1/2 feet. 
3/ Rotated in closed drum at 15 r. pm. for 2 minutes. 


The high ash content of the semicoke compared with that of the coal 
Suggests that the semples are not directly comparable, although this analy- 
sis is considered representative of the semicoke produced at this plant. | 
the atrength of the semicoke, although much aces than that of high-tempera- 
ture coke, is considered adequate. 


Listed in dcteil for annual production in table 6, the production of 
semicoke reached e maximum in December 1944 with 15,550 tons for the month. 
Fran the beginning of operation of the plant until it stopped in August 
1945, a total of 396,529 tons of semicoke was produced, a yield of 63.3 
percent of the coal charged, 


The principal use of the semicoke from this plent has been as fuel for 
portable gas producers on automotive vehicles, where its high reactivity and 
noderately high bulk density make it a fair substitute for charcoal. Its 
ash content of 22.5 percent, however, necessitates frequent removal of 
clinker, although this factor by itself has not been grounds in Japan for 
rejecting fuel for this application. 


Liguid Products. - The properties of the various crude liquid products 
are given in table 7 and those of the ‘refined products in table &. 
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Although the data on physical properties and chemical campositions are 
incomplete in many respects, enough are available in general to describe the 
products satisfactorily. The. bunker fuel oil is approximately equivalent ic 
No. 5 fuel oll in viscosity but contains excessive carbon residue. The . 
semi-Diesel oil performs satisfactorily in the. engines of fishing boats, in 
which it is.largely used, and the gasoline is Bult table for modern automobile 
engines. According to the information furnished, none of the liquid fuels 
produced in this plant were used for military purposes , une entire le ae 
being distributed to civilian consumers . | 


The greatest production of /Liguia product was in 1944, when 21,870 KL 
(5.8 million gallons) was refined. Total production of the plant until Aug- 
ust 1945 was 63,861 KL (16.9 = gallons); the individual paguiers were 
. ag follows: , 
oe 4 Bunker Semi-Diesel , Motor: ! :. 
Basis = fuel oil s JfO1d:. gasoline ' Total 


Kiloliters coe ccrsrcanvesecccccs (OL, T7 , » {Ve "7,482 ; eee 
Gallons, thousands ...sccecer. 115,652. | -1,e42 °° !'1,977 *° 416,871: 
TONE caeceeseceeceaecdosseoers (H9,971'. | 442k: 15,948 160,343: 
Percent by weight. Dhea cals |: 82,8 eos a "9.9 = 100.0 ° 
Yield percent of coek charged | 98 a 1 = 192 2 ,O4 


Prior to instélling the ‘equimment, a visas of 90. percent of the Fisher-Hempel 
assay was guaranteed by. Lurgi Gesellschaft. Based on the analysis of the | 
Takamatsu coal, which. gave 12,1 percent tar, this would smount to a 10.9 | 
percent tar yiold. The actual yield of refined. liquid products of 9. OF per- 
cent is considered Berta tnOtoE Oy the operators, 


— The composition of the gas leaving the carbonizer was: | 
ee. a ae Cal. value, _ 
vio x2 Ho CO CH, CnHm No  B.t.u./eu,' ft. . 


eualraaep 


9.2 0.3 10.3 6.6: 12.7. O8T 60,2 : | 200. 


The relatively high values of. COo and ip result, of course, from the presence 
of products of cambustion entering fram the burner and supplying the heat 
for the carbonizer, These products of combustion had the HOLL ONIEE compo~ 
Sition, as measured at ‘the burner outlet: 
: a Percent * . 

. COd 02° Co No 

8.8 O.4 5.6 &.2 

No data are “available on the total quantity of excéas ‘gas pkoauesa dur- 

ing operation of the carbonigZery. Such gas was piped directly to the power 
plant and burned ‘to eee steam for use within the oieoy : 


Others. - The ico of - eae tar pitch was nat peat until October 
19436. From then until August ai 874 tons of pitch wes 3 produced, the 
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maximum annuel production being 396 tons. Although this material was sold 

cn the open market, iv would be used as a pinding agent within the plant if 

briquetting of fine coal beccmes necessary. Since 5 percent binder. is ca@m- 

monly used in such applications, the pitch obtained fram the process would 

te sufficient to briquet only about 8,00C tons of coal- ‘pet year; thus it 
would be necessary -to purchase additional binder. 


Cresols were recovered-beginning in January 1944; total production un- 
til the ‘plant ‘stopped was'388 tons, This meterial was gold through the Tar 
Distribution Control Asso¢iation, the end uses. being medicinal, agricultural, 
end the manufacture of plastics. 


Operation of the dewaxing plant.was started in November 1943, but only 
30 tons of crude varaffin was produced in all; Difficulty in the operation 
of the filter presses used to reclaim the peraffin was primarily reapasibie, 


Composition. <= Because this plant was. operating at the time the inspec- 
ticn was made, samples.of the coal, semicoke, tars, andmddle oil were ob- 
tained for analysis. In the case ofthe coal and semicoke, small increments 
were withdrawn at short intervals trem moving streams of the materials on 
conveyors, the total sampling time. being about 8 hours.. No such sampling 
of the liquid products was possible, and it was necessary to take grab sam- 
ples from sumps or ‘tanks; because of thc high fluidity of these materials 
at the time, the samples obtained are probably fairly representative. After 
packing in airtight cans to prevent oxidation or losis of moisture, the sam- 
ples were sent to the Central Experiment Station of the Buroau of Mines at 
Pittsburgh, Pa., where they were enalyzed under the direction of H. M. 
Cooper, supervising chemist, Coal Analysis Section, and J. D. Davis, super- 
vising chomist, Coke Section: 


The sane of whe coal from the Takamatsu minv’ near Orio, in the 
Cnikuho coal field, Kyushu, ena the semicoke’ produced from it in the Luregi 
cerbonizer of Nissan Ekitai Nenryo Kogyo K.K. is shown in tabdle 9, With the 
exception of the ash content, the proximate and ultimate analyses of the 
coul are about the same as those furnished by the plant. The volatile matter 
in the semicoke is abcut one-half of that reported by the plant lavoratory, 
cat this property is likcly to change: widely with moderate variations in 
operating procedure. At the time of the’ sumpling, when coal shortages were 
severe, the carbonizer was being operatcd at a‘low throughput so thut the 
period during which the coal was in’ ‘the carbonizer was unusuclly long. 

Unacr such conditions’, eco of: LOW VETEE Se Reber eon tent is to be 
EXPECLEA. ~ ; 
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“TABLE 9. - puetess of coal and semicoke 
Nene? EROer oO: es 


Nissan EFkitai 


Cal. 

Uitimate malyeic | value, 

aL (Fixed ; Ni- . Beteou. 
! mat | car- 


bon ‘gen ; gen ‘fur |Ash | 
aT (57-0 11.0 115.9 :1.0 '22.0-° is: “su 
Lis0 5.0: 26-9 | 10,080 


| . = Care tro- ; . Oxy= | 'sule| 3 
Material Moist ‘ter Ash ie 
Coaleeeo| 4. : ee 0 et 2 122.0 |! 


om 6 126.9 1.8 bl, 


Forms of sulfur, ere 


Suifate Pyritic Organic. -: 
Coalseesee 0.012 - 0.406 | 0.538 7 


Semicoke 02k... 037 | 6489 


hanceas ten temperature 


ture, Fe 
| Initial deformation ees norenane temp. Fluid temp. — 
2, (+0 2 


Coal eeceoe 2,00 7 ea: 810 
Semicoke. . 2,780 3 2,260 2,890 
Size consist, inches. percent d/ . 
| ~2-1/2, (72,  [warlfe, i -l, | -3/4, pod. 2, 23/8, |-1/4 
+2-1/2 | +2 erise or 43/4 | 41/2 | 43/8. 41/4 
Coal ....[ 7-0 1560 | 25 29 TTL.5] 760 | Qe? | 4/2,0-4 - 
Semicoke.{ - | = | 4.6 | 22.4 -'26 128 | 17.7.0 $4.0 


Rosin-Kammler parameters 


Distrisution Avosolute size 
coefficient constant, in. 


Coal eve eoeeeoneoenneeeee ee ee 2.48 Late &s, 


semicoke eoeeegeseeevneetdeon 2046 ; Se. 
Coal: | 


Real specific BAW Y eceswu tows eeusleeeseeerescsesecwntes: 216 463, 
Grindapility, Hardgrove (A.S.T,M. method sree aides “HL =a) 
Free Swelling IndeX ecosccrcsecccccrccsesesecesseersseesene AL 
Agglutinating value (Bureau of Mines method), with 15:1 
ratio of silicon carbide to coal. Crushing strength, 
kilo ams ee ee Cee ETOP E Ue CUP EVE TT PCr Cree eee Pe 
Analyzed in the laboratories. ot the Bureau of Mines, Central Experiment 
Station, Pittsburgh, Pa, 
As-received basis, 
Recomputed by use of Rosin-Rammler relationship. 
3/8-inch by 0. 


tele 
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Of particular interest is the difference in forms of sulfur in the coal 
oe the semicoke. The analyses indicate that 0.4 percent sulfur was trans- 
verred from the coal. to the volatile products of carbonization and that this 
sultur came almost. entirely from the’ ‘pyritic sulfur in the coal. Thus, de- 
spite the ‘reducing conaitions normally -associated with carbonization, it is 
evident that-oxidation of thé sulfur: forms: occurred, “with the sulfate, sulfur 
icubled, the pyritic sulfur decreased to.less than io percent: of that in the 
coal, and the organic sulfur lowered to approximately 90 ‘percent of* that in 
the - coal. ‘It would appear, ‘therefore, that this method of carbonization can 
produce semicoke lower in sulfur content than the original coal, ‘the. decrease 
-¢ing’ almost.exactly equivalent to the pyritic sulfur in the ‘coal... Since 
this effect probably takes ‘Place ‘in the drying section of the unit, modifi- 
cations: in: the. dryer. operation haat be a aa to affect the sulfur .content 
uf the semicoke. , ee 


Size degradation of the coal during carbonization is sieges nc Redline 
kammler parane ters » Because the distribution coefficients of the coal and 
semicoke are the: seme, no difference existed in the relavive percentage of 
tines before and. after curbonization. The absolute size constant of the 
semicoxe ,- however, is’ only’ one+half- that of the coal. ‘These data show, 
wicrefore, that carbonization of the Takamatsu coal has produced: a semicoke 
with” about the seme. roportions ‘of large and small pieces as the ie ae 
ae put i aaa in aver age Bize. 
_ The esking tendéiey "of the coal, as: indicated by the: psn eae in- 
dex*and the agglutirating value, ‘is very slight; thus this factor.also is 
in agreement with the. detennination médo in: Japan. by. the ea ada 
nu thod « a ae 


8 teat of the ellie: of’: the pemtioas: dccording: to tho. ec, t. igni- 
ree alae showed . it to'be less reactive than charcoal but much more 
active eon nish temp re coke, icici compurative data a 
. Roneeiviey ‘of scmicoke 
and other sce 


Material =~ —°= Hs 3 — 
 Chercoal eveseresevrses elk | 23 
Scmicoke (Japan) wee. 258. - Bh 
High tom « coke bieerers D7 — 5GT 


in this test, peactivity is ceemncesed Andirectly ‘as the temperature at which 
tre fucl attuins a specified rate of- -selfrheating under closely controllcd 
conditions. Thus, 715 is the témperature,when the fucl under test libcrates 
cnough heet to cause Its temperature to increase at the rate of 15° C. por 
rinute in OXYGEN» . Similarly, Ty5 is the. temperature where the sclf-heating 
retc is 75° C. per minvte. Ob'vfously, as T15 and T75 are lower, the reacti- 
vity of the fucl is grvater. Further, as the difference between these tem- 
ceretures decreases, the reactivity would increase. 
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The three samples of liquid products were examined according to pro- 
cedures developed by the Bureau of Mines for testing the carbonizing proper- 
ties of coals; the analyses are shown in table 10. ‘The precooler tar re- 
sembled a pitch, being very viscous and difficult to distili. Most of the 
‘distillate evidently was formed by cracking, while the amount of free carom 
present was high (5. 5 percent). Tar from the Cottrell precipitator resernble 
_ usual low-temperature tar in appearance but yielded more residue.and less 
distillate than average low-temperature tars. . Also, it contained slightly 
less acids and basss and considerably less neutral oils. . The middle oil, 

_ obtained in an intermediate step of processing, had a high acid content, 
which, ‘with the boiling Tange s indicates large proportions of PHOHOES 9 cr'é- 
sols, and xylenols. 


Costs. . 


| Cost of construction of the plant amounted approximately to ¥5,000,C00 
for each unit, based’on 1942 prices when structural steel cost ¥230 per ton 
and laborers, ‘such. as welders and machine operators, were oeing paid ¥15 px: 
day. Each such unit wes expected to carponize 100,000 tons of coal per yeer 
with a yield of 10,000 tons of liquid fuels and 65, 000 tons of semicoke; 
thus, the investment costs are ¥500 per ton of liquid fuel capacity per year 
or #76 per ton of semicoke capacity per years In comparison with the cost 
Of producing liquid fucls from synthesis gas, the company estimated that a 
Fischer-Tropsch plant with a rated capacity of .20,000 tons, of fuel per year 
had cost ¥50,000,000. Since this Fischer-Tropsch. plant, puilt in Japan, 
actually produced only 10,000 tons of fuel pcr year os a maximum, its basic 
construction cost was ¥5 000 per ton of liquid fuel per year, or 10 times 
the investment ror the Lurgi carbonizer. Despite the increased yield of 
liquid products obtained Ly. the Fischer-Tropsch process per ton of coal anc 
the differcnce in the ratio of gasoline to fuel oi] obtained, the lower in- 
vestment costs of the Lurgi carbonizer and its grcater ease of operation 
permit it to retein a favoruble competitive position as a source of liquid 
fuels fram coal. This position, of course, might change abruptly with 
cxpected engineering improvements in the Fischor~Propsch process. 


The unit production cost in 1944, not, including profit, Wes: 


sete, 


Material . Unit production cost, | 
Semicoke seccevecvvy . ¥ 53 

Pitch eoeveveeseeceven | . 50 
Cresol Aveesccovecer | 747 
Bunker fucl ofl wee. 60. 

- Semi-Diescl oil .... KG 
Motor gasoline .eece BB 
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Estimated cost of production per mcnth in 1946 is: 


Unit preduction 
Estimated monthly cost, including Total 


Material production 2 percent proiit production cost 
Semicoke.secee. 6,500 tons i | ¥ 3600 ¥ 2,340,000 
PAUCH -one:s'eecie ws 10C tons - | ~ CO | 10,000 
Cresol cecccece 50 KL (13,209 gal.) 6,740 | 527 » COO 
High phenols .. 60 KL (15,851 gal.) > 366 28,600 
Bunker fuel oil 200 KL (52,836 gel.) | O10: 4! — 55,200 
Semi-Diesel oil 4OO KL (105,672 gal.) 475 190,000 

102,700 


Motor gasoline. 100 KL (26,418 gal.) / 1,0€7 © 
ee Total... ¥ 3,065,500 


Expenditures would be as follows: 
Materials: 


Estimated 


monthly 3 | | 
consumption, . Total cost — 
Item tons Unit price per month 
COL secvcvecesoseces 10,000 ¥ 150 ~ ¥ 1,500,000 
Caustic soda c.ccoee 50 7,000, © 350,000 © 
Sulfuric acid .ececs 60 _ 200-—C 12,006 © 
; . $1,662,000 . 
Labor and operational expenses; i 
Labor eee CT OEE TUL CCRC Ce CEP Ce eee re 387,700 
Electric POWELL cocereccccer esses reseeveseererereeeres 24,000 
SO LCAI “ng seis ee 0 vie Saree seb 6 eae KS eC NSS ob eee sews weeee: * 50, 000 
Water Bi saigsh Antitota seis aig dadee ceaunata ete Siaaiis Gin OES Case eae 22,000 
Madntenance -sseicc- scowls wadietadies vee siiesp seen vows een 153,000 
Freight deeb erblacarle Wiain- ee avertin edswie Wins Wis Gio Aisiesoielemerere wins 5,200 
Depreciation TECUETTCELETEPeeETererererererey erry ee 155 , O00 
Taxes and insurance Oe 32,500 
Housing, Nospltely Ol. deiecicesssvacvesioeweseesess, ~. 4b O00 
Chemical laboratory Ce CC Ce oe reese er eeseorereeseoene 8,800 - 


Office. expenses, including 5 percent profit ..cccoe. 319,000 
| ¥ 1,201,500 


Total expenditures seer. 3,063,500 


These data are only relative, because of the rapidly changing value) 
of the Yen. 3 


Present Status 

This plant operated without war interference until August 8, 1945, when 
it was halted by incendiary bombing. Total damage amounted to about 
¥1,000,000, consisting principally of destruction of oil- and tar-pumping 


1978 | - 36 - 


Google 


I.C. 7430 


equipmer.t and curning of intermediate oil tanks and the wooden packing and 
cther parts of two of the. four ade ae de eee? tovers. There was only ae 
Ticlal aamage to the carbonizers. a : oe, fo 


Repair of the. ‘oll-. and ter~puitbing ecu was Baeveve t first, ead” 
on April 29, 1946, one carbonizer’ was returnéd to’ strvice. Inability. £6, ee 
ottain Takamatsu coal in adequate quantities prevented operation. of: additional’. ae 
carbonizers, but as coal vecomes more avaliable other units will be started, “°°” 
minor damage now oesing repaired. -Since..this. plant ‘is. ready to-operate ¢§-., 


sentially at rated capacity, it is the oly potential source of “pemitoke “and=~ alee 


a de tar in western oo 


Locatibn i ae er ; 
The occurrence of large amounts “of” noncaking- coal. ‘in, the, WbezCnoda £ tela 

in western Honshu led to the establishment: of: this: plant.at.Vbe,. Yemaguchi-. *. —— 

ven. The 14 major mines in this arééi produced: ©; 831,000. tong, of, coal. in ‘1945 " 


end 3,115,000 tons in 1944, Although the coal de- of low rank.and,not ideally - _ 


suited for low-temperature carbonization’, it: ie- simdlor. in type to that. used’, 
-n Germany for this purpose. he ee : 


nistory mo | eS pa BES 


Originally incorporated in August 1939 «as the Ube: Yuka ‘Kogyo KK. with 
2 capital of ¥50,000,000, invested jointly by Teikoku Nenryo Kogyo K.K,. anc 
vce Kosan K.k., the plant was taken over completely in October 1944 by Teixoku 
henryo Kogyo K.K.. and operated by them until the end of the wer, Original 
plans called for the ennuel production of 40,000 KE {10.6 million gallons) 
of gasoline and 150,000 tons of synthetic ‘ammonia, using voth Koppers con 
tinuous vertical ovens and Lurgt* low-temperaturé : Caroconizers as a source of 
samicoke, synthosis gus, and tar. Later, production. plans. were expanded to’ 
produce 90,000 KL (23.8 million gallons) per year‘of: low-temperature tar by” 
increasing the numer of-Lurgi carbonizers.-to 10. . Construction of the works | 
began in’ Octover 1939, and the first Koppers ovens werd placed in operation 
in February 1942, The Luigi carbonizers began operating succeesively in 
lovember 1943, April 1944, Decomber 1944, and April 1945, the fifth unit 
veing 55 percent complete at thé end of the war,- In February.1943 a plant 
was begun to produce lubricating ofl fram rubber, and /in the Same year con=. — 
Struction was Sturted on a synthetic methanol plant. 


ot e 


Sew @ ey, 


Fauipment 

Lurgi Carbonizer. - The Lurgi carbonizers used at this plant are an cxact 
duplicute of those constructed -by. Nissan Exitai Nenryo K.K.. at, Wakamatsu. No 
us3istance of foreign enginccrs ‘was required In wonstruetilan ar carly opera= 
tion, the interlocking ownership permitting’ the experiance .gained at Wukama- 
tsy to be utilized fully. In addition, the avabkanibity.of the Wukemateu 
Flant for training personnel mnee ere ee ‘problans negligibler, 


° #$ Be Bo -& 4 e-e & 
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Also exactly similar are the tar-recovery and byproduct-processing, sys- 
tems, which were wuilt according to the same plans as those used at Wakamatar. 
Minor differences in operating procedure. caused the pressure of tne products 
of cerbonization circulating in the recovery system to be ee teaaeN different. 
These . ‘pressures are tabulated below: 


. Static pressure of gas in external circulating system, Lurgi carbonizer 


. , 4 Pressure, water gage 
Position — Mn. 


Carbonizer gas orftake eee were resesecocssecsccesoes + 10 + 0,39 
Entering Cottrell precipltator cceciseccsorevsveceses = 40 - 1.15 
Entering first cooler Seer es onescndesodedcoedeoraes = 50 © - 1.97 
entering main gas olower TOrerereereyres SEee er ere ee -100 aa 3.54 
Leaving main gas blower essssevstecstvcceresecsecsee +800 431.50 
Entering. oll’ scrubber seb aber ceecessrcsenccdsonssins +700 . 427205 
Leaving oil. acrupber coerce ceed eccvvrscesbesievevess “4450 . 17.70 
Leaving carbonizing circulating blower Bdeddcvecsend§ *» 70 | + 2.75 
Entering dryer circulating blower ore rer eee ee ee ver 20 - 19 
Leaving dryer circulating blower esveccesiiovssedess +100 + 3.94 


The predicted performance of the carbonizer was as follows: 


Input: 300 tons of coal per day. © 


Output: 
oe , | Weight, Yield, 

Material Volume a. 4 tons ercent 
Semicoke oéeccieions _ me es  TQGST BHO 
Gas obessbecoindeces 1,270,000 cus. ft, (198 B.tiu./curft. ) : = 
Crude gasoline coves - 540 KL (Sp. gre » 0.78) | 263 08 
Low-temperature tar. 25.5 KL (Sp. ar. # 0.98) : 25.0 8.3 

| | sree gallons : 


22223 74.1 


Based on the latent heat in ‘the coal cherasts a reuse heat balance was 
made oe tha early months | of operation of the Plant, - 


‘Heat. nas 
Basiai 1 lbs o: coal, 9,360 Beteus 


Product - | Byteus Percent 


Semicoke Ped eedee sevens py 320 - DQ e 
Crude tar Boo sccoressoter 1; 480 - 15.8 
Crude gasoline cr peerbod "189° . | 2,0 
‘ ts Excess as rR ieee ' 382. ‘ ‘ yl 
: Losses (by diffs) sssvece 22189 18,5 
Total sesscvcestsicsd 9,3 O- 100,0 
1978 - 38 - 
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Figure 7. - Koppers continuous vertical steaming coke oven. 
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The thermal efficiency of 81.5 percent-is 5.3. percent .lowér than at Nissan 

Exitai Nenryo.‘': Most of the decreased. efficiency: occurs. because of. the lower 

one yield of. semicoke, oe! eioas of the | neers perce mosecure 
content of the Ube coal. —' 


Difficulties in operation were: cansed: principally by. the friable nature 
o2 the coal and ita lack of: caking’ power, | resulting in the. production of ex- 
cesSive fines, This caused ‘the pressure drop ‘across :the carbonizing zone to 
ce too large, interfering with normal’ gas distribution. -Also,:-the. semicoke 
tended to trush when passing-through the’ oscillating grate, so.that: the suc- 
tion line’on the carbonizing cireulating gas blower became clogged, At an 
input of 300 tons* of coal per day' the blower required -cleaning at monthly: 
intervals, necessitating shutting down the entire unit. Trouble was. :also 
caused by the dust in the precooler, where it gradually accumulated, and in 
the Cottrell precipitator; whére ‘4+: bridged across the insulators. At 250 

cns of coal per day, ss parle se iiteearg a pieuwioruite for ¢ months before 

operation was considered oie. ‘The lonasat actual continous operating 
period so a@ gases eee coal was 4 months. 


Ss ; ; : ? coe va 
rs ; : oh, A VRE 6 


” Koppers | Contiguous Vertical. L.Coke Ovens Ovens... - These. ovens are avaneed in 
2 banks, each consisting of 360 chambers divided into 6 batteries of 6 chambers 
each. Each battery is 26 treet long and is separated from the adjoining bat- 
tery by a narrow, air-cooled chamber. The over-all width of a bank is 25 feet, 
including the regenerators, and the height of the carbonizing zone is 31 feet. 
Tue carbcnizing chambers are le feet 9 inches long and taper in width from 
l0- 5/8 inches at the top to: 11-3/4 inches at the bottom to facilitate the move- 
ment of: the charge; the volume .of. each chamber. is approximately 350 cubic feet. 
Rated, capactty of the 72 chambers is. 600° tons of coal ‘per day, the coal re- 
quiring 21 hours to pass through the, units Regenerators, are.‘conventional in 
Cesign and operate on a 40-minute cycle. When rich coke-oven gas is burned, 
it ls admitted after the air has been preheated; with less produccr gas, the 
air and gas pass through scpavate™ flues ofthe regenerators. The general ar- 
rangement, = Beg eperevore and oyen is eee ice 


ue - 
sme ase estos we oe eee om - _ 


e + 
od 
ame 


An ns modification in these. ovens ee the iat ce of steam at 
300° C, (572° .F.) to. the bottan of the carbonizing zone. Amounting to 60 
percent by weight of the- coa}- charged ,;- thas. stcam:is.about 40 percent dis- 
sociated; thus-144..tona of .stcom per day is converted into wetcr gas at the 
cxpcnse Of about 175 tons ‘of semicoke’ cor taining ari - estimated 55 percent car- 
ben. The addition'‘of this largo quantity 6f steam increases the rate of heat 
trensfer fram the hot refractory walls to the charge of coal, increases the 
quontity of gus formed, and. decreases.the. carbonization temperature to 700°= 
ce OS (hag eg2-1 562° F.) although the temperature of the flues may be as high 

3 1,000° C... (1,832°-F.}..° The ‘heat. required’ for carbonization and to carry 
on the water-gas “reaction is 800 to 1,200 B.t.u.s per pound of coal. 


The ‘tar-recovory and byproduct-procéssing systems are conventional, being 
Similar’to thease used in standard coke-oven practice. Dust.in the offtake gas 
is not particularly troublesome end is removed along with the tar by passing 
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the ‘gas through the ‘usual coolers and centrifugal ‘tar separators; no electri- 
cal precipitators are used. The usual dry box is employed for ‘removing sul- 
fur, and although a Thylox plant was planned for recovering sulfur from” the 
gas, it was not campleted and never placed in operation. 


: The principal difficulties involved in operating this plant were in- 
curred through the formation of clinker in the lower sections of the ovens, | 
cracks dn. the. wall permitting leakage of air and combusticn of ‘part of the 
semicoke. . Gradually accumulating on the face of the refractory, thus’ inter- 
ering with’ heat transfer and allowing its ‘temperat ture to increase to 900°- 
1,000° '¢c, (1, 65201 ,832° F. ) masséa of clinker eventually became ° so thick 
that daily” poking was’ required to maintain a continuous flow of semicoke, fh 
composition of the coal, ash Was. 


: 
A 


‘Coal-ash analysis, percent 


 stog’ , adgos Fep03, Cao’ MgO ~ SOx Alk. 
DL.0. (220°. Gel” Gel -deO. 5 OS (568. ~ 


and its cone-fusion softening temperature was 1,100° Cc, (2,012° F). Other 
difficulties included clogging of. the regenerators with dust from dirty pro- 
ducer gas, making cleaning at 3-year intervals necessary. The presence of 
6.6 grains of suliur per ‘cubic foot of ee caused severe corrosion of gas- 
olftake end wets. eas eae: | 


Coal Used . 
Qu ity. - The same seats 1s ‘used a both the rset carbonizers end Kop- 
pers ovéns and is ootained from the Okinoyama colliery in the Uve-Onoda field 


Yemaguchi-ken. In 194 this mine produced 1,046,000 tons of coal. The anal- 
sata of typical a ae of aes sOreoue: 


fnelysos of Okinoyama coal 
Proximate anal Sis ercent | Calorific value, 


Moist Vol. mattcr Fixca curvon Ash B.t.u./lb; 
a, 38.0 eB 2006 - ~~ 9,50 
-ULtinate anal sis ay | ‘Celorific fine, 
‘Moist He C No Oo S Ash ‘B.t.u./lb. 
0.4: G4 50.3 O18 13,8: 0.8 ais ~ 10,100 


: 1/ Not same sample “as used for Pree mete analysis. 
Size consist, percent" 
Smaller than » 3/8 inch 


Larger ped inch 1 inch by 


‘'3/8 inch | 
2) . 10 


Although clessca as a "I tentto" by the operators; this coal is more 
properly considered & subbituminous A coal, according to the A. S.T.M. 
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ciassification of coals by rank; it is both weathering and nonagglomerating. 
This coal has no tendency to become ee when heated, the caking index by 
the Campredon-Gray method being ZELV.~ 7 | 


Quantity. - Proauciicn and social. hee for this mines are: available 
cnly since April 1944 and are given in summarized form in table.6. The Lurgi 
carbonizers operated at maximum total rating in December 1944, ‘when 17,647 
tons of coal was carbonized. Because the third carbonizer had just. been.. 
placed in service, this represents: a daily. ane of 190 tons for each unit 
per day, or 63 percent of rated capacity. .. » During May 1944, two units car- 
cmized 15,128 tons of coal; or 24k tons each per day - 81 percent of rated 
capacity. Degradation of the coal, ° ‘with! production of excessive fines, is-.— 
i alia aoe Tne: decrease in: oe ae nonce the daily rated fam 300 
LONB | | st 


nr ad Sy 


~ 


Maximum input to the eaeeees ovens was an Mey li when 18 113 tons of 
coal was carbonized, or 585 tans per day. For the 15 months following April 
1944, 218,900 tons of coal was carbénized,..a daily rate of 480 tons. Conm- 
pared with the rated input of 600-tons of -coal per day, these data indicate 
that approximately rated capacity oan: be: maintained for short periods, but . 
that continuous eee “te- possible only at a much lower ‘level.. : 


[+O moe, 
toatl 
wot cae 


cw 


Products Ne ei ee a 


ee 


Semicoke. - Semicoke prgcucea by the Luret : carbonizers: had. ‘the. folowing a 
enclysis: : ; 7 


bisca sp a sis of Lurgi ‘somiccke ees i 


_— = 
See Sneek gst 


| Proximate al 815 Percent” i Cupost bee: value a a 


Moist Yor. matter ~ ee ‘carbon «. Ash B. peu lb. 


7 = Size. constety perce 


sarger. ~~ 1 Anoh © | 1 inch by R-4nch — Snaller nan Ie inch 


NO pencuds. are available’ on ‘the quantity. ‘of semicoke proaiced, at. this plant, - 


The Koppers ovens produced semicoke having the following composition :, 


Analysis of Koppers semicoke 


Proximate analysis, percent Calorific value, 
Moist Vol. matter Fixed carbon Ash B.t.ue/lb. 
6 6 49 39 | T9200 
Size consist, a 
oo ia aon - inch Smaller than 
by oe by. ‘sh inch aie. ne 
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There is no assurance that either of the semicokes analyzed is representative 
of the coal of the analysis given avove, there being no regular progiam of 
product control at this plant. No data were available.on performance tests 
of either type of. equipment to. permit an absolute Sone ison between the coal 
used and the products. obtained. _: tig, Bi Bs, aS 

Liquid pecdiets. oa Tar from the ‘Lurgti. car Ne eere and tne Koppers, ovens 
was mixed and processed, in a single plant; thus it is not possible to state 
the quality from each type. The. properties of the liguid products are sun- 
marized in. table 11. ‘Pata on the properties of .the crude materiale and the 
refined products. are incomplete, and consist. primarily of information on 
specific gravity and boiling range. The acids in the distillate of the, crui 
products are relatively me but no data are Byes Teun on their content in 
the ba eeney: tar... ; peak . ate 

faconpiets data Limit ae determination of. yiela of products, From Apri 
1944 to June 1945, the plant. charged 401,437 tons of coal.to the. Lurgs and 
Koppers unite, eat the total. pr cs ovteined were: 


a & ae 


Pauiker Soni 


| ; Gas ,; Motor i 

Basis ‘fuel oil [Diesel o11 | oil | gasoline | Total 

KGLOLIters .ovsccssceceese (l0,/45 | 1,36 1,609 | 3,37 23,092 

Gallons ; thousand ce. oecee [3 A, hou : 360 | eo Lee 4as ou | = 891 : 6,100 

TONS ~sis:s6seweheweseeeee ce 116,729 4, 322 11,448 2,740 22 ,239 

Percont by weight ..csese. 75-3 3. 9 6.5 | 12.3 100.0 
Yield, percent of coal ... ee iad 

charged Ren aE ee “S34 i .36 | 266 5 54 


These yields are mach lower” than” those: preatéted ‘Pi ginally } ; “the Lurgi plant 
for instance being’ expected, to. “prodiicd @ total of 9.1 percent liquid product 
A partial explanation lies in the fact that the Koppers ovens, which carbcni 
more than one-half the coal, have a low inherent yield of tar, also that sa 
of the water gas may be formed partly at the expense of the liquid products 
although it is improbable that any appreciable quantity of hydrocarbons is 
involved. It also appears likely that a part of “the Goal’ Chargcd to the 
plant may have been rejected for ash content, undcrsize, or other reasons, 
Since the coal available was generally of. Low quality, but since no specifi 
information was available this factor could not be detcrmined i renee, 
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Gas. - A sample of gas from the offtake of a Lurel saevenizes at this 
plant had the following composition: cee 


Canposition of Lurgi gas, percent | Calorific ac ‘ 


Coo Oo Ho CO CHK  CnHm No - B.t.u,/eu.ft.: 
01.6 0.2 6.2 6.4 iho 1.0° 60. 6 199. 


This is almost identical with that at Nissan Exitai a and spebably 
represents a period when operation was most sdtisfactory, ~The calculated 
distrioution of gas within the unit is shown below: -_ , 


Distribution of gas in Lurgi carbonizer . 


' Item Cu. ft./min. ‘Percent 
Cooling gas entering carbonizer cecccovecsees » 530 40.0 
Gas burned for carbonizing zone cesessevceses - 320 — , : 200 
Unburned gas entering carbonizing zone ......° ‘. 150 ©. 2.3 
Gas burned for drying ZONE cecccecccsvcccssee | 590 . «+ Jel 
Excess GAB sorcceweecresesecvevescessccrgepeos 8&0 13.6 
Total gas leaving oil scrubber oovoeceereneccce - 6,470 4 ‘ 090 


For each ton of coal carbonized at the rated capacity of 300 tons per: day, 
approximately 21,800 cubic feet of cooling gas enters the carbonizer, On 
the same basis, the gas formed per ton of goal-is 8,590 cubic feet, of which 
4,220 cubic feet is excess and can be withdrawn. from the: system for use as 4 
fuel gas. te 


The composition of the gas obtained from the Koppers ovens is: 


Composition of Koppers oven gas 3 ercent - Calorific wane ; 
C02 02 Ho CO CH afin No  B,teu./cu. fts, 
14.5 0.2 41.5 2.0 hes 1.37 5. 7.0 "590 


This analysis is somewhat different from that for usual coke-oven practice, 
the CO2 and CO being higher and the CH) lower than in regular coke-oven gas. 
The volume of gas produced is 15,500 cubic. feet’ per metric ton of coal, abou 

one-fourth greater than for conventional high-temperature ovens, but ‘its 
lower calorific valuc, 70 percent of that Por ae gas , compensates for 
ore factor, 


A comparison of the gas yield fran’ the Lure and ‘Koppers units is 
Summarized below: ‘ 


Comparison, gas yicld fran a aaa Koppets units 
Bete in ‘Beteus in gas, 


Cu. ft. of Calorific. total gas _- - percent of 

Type of gas per valuc, .°. per ton. . B,t.u. in’ 

carbonizer ton of coal Aebcte/ oust ta. of coal goal charged 

Lurgi.see- I, 200 19>... @62,900 "3.9 

Koppers.e. 15,500 390 nie wie ~ -' 28.8 » 
1978. elie Ye ot ae oe 
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Figure 8. - Koppers continuous vertical ovens at Teikoku Nenryo Kogyo K. K., Ube, 
Yamaguchi Prefecture. 
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Figure 9. - Koppers continuous vertical ovens at Teikoku Nenryo Kogyo K. K., Ube, 
Yamaguchi Prefecture. 
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The eietas difference’ pettean: the ivpee of. units 16 evident. -However, it . 
should -be noted. that the Iurgi: carbonizer is supplying this net output in ~ 
addition to furnishing ‘the gas required for heating. the’ carbonizer and dryer, 
whereas the Koppers ovens must, be supplied: with. ‘producer gas aoe eee the = 
flues to achieve. this: hi ga pAs-projuction Toe sae Ba 


.o. 
rs 


Other Products. tpuds eee was ipoanionay re pel phe eee From 
April 1944 to June 1945, 687 tons was recovered, “maxijum ‘production .being in” 
April 1944, with 96 tons. Such.byproducts are considered unimportant by. ‘the’ we 
operators, semicoke and liquid fuels-being’ most. ektractive from the profit’ ‘i 
gis ae saeco mage. oe 
Costs ae ae eS Ree 

Comparative sons inadtine: ‘goat of” the Lares. and. Koppers' Siena: are. - 
shown in table la. | ; a Saree 


TABLE 12. -,Camparison of costs of Lurgi and Koppers cee Se ae santa 


| a5 ft .. Gurr :-. Sy soul Koppers oes 

Item . y “ ‘Saar’ Building 38 quipment'. | Buildings 
Carbonizers errrrerre ¥ 7,714,004 FEI ,809 611 ¥4G15,037 1 ¥ 059, 393 
Gas producers ..ceyscoie | 1,001 7438 | 128, 246 


if 


| ‘| 

Electrical apparatus ea t 720} 347 ae 52,589 = : # va 
Coal conveyor ..eesecevee | 3,173,518 |*- °-90,480 | i “98t, 617 | | 289,227 
Semicoke handling ...... |° 1,973,085)": 52,784 | 91,356 58,304” : 
Tar recovery eeeeeeeeeee ae 304,999 | 2! 82, 104 | “505,455 .1.. 58,092 ° 
Blowers ° etteseesesiesere |S ge Ie areas a 533,405 | 71,788: 
Gas purification heey seine” ee ates Wa tee oe sae 154,959 7 © KS : 
GAS HOLGSY seseccseccses | :. b (tame se ae Os “168, 666 |. dg 
Water cooling .sersecese | .. 120,449 | ., £RO; 873 | - 
Boiler plant sescscecses | 1,585, s 99, 738 ek aie" a ) ee ne 
Railway siding .....ee08:| ., 225,997 ae Hehe Oy ' 
WAPEHOUSES sececceovases? |i... - | 602, 1790 , i 2 | 59,86 
Hin Oidnwees o0'sa000 9.06 = t oR 

¥15,8 5505 ¥2, 760, 97 £2 Age OLT j ¥1 10 59 

DUE se eteebeeeeos ¥18,008,100 | ¥10,002,970 — 


Because the Lurgi plant was charged with the boiler plant, railway Siding, 
and the major part of the coal-handling equipment, its installation” cost-/is 
inflated’ compared with that. of.the Koppers plant. Despite this, the cost per 
ton of coal carbonized per day at rated PapsOs ty: 48. ¥15 9200- to. the ping 
plant and ¥17, E70 for the Koppers plant. re ¥ 


Fresent, Status 


The importance of ope: ‘as'-an industrial center caused it to Nes ponbed ex- 
tensively. Four raids essentially destroyed. this. plant, although damage to 
the Lurgi carbonizers was only moderate. The Koppers ovens were left .stand- 
ing (figs. 8 and 9),but damage was.so great as to necessitate complete re- 
building before they can again be placed in service, The coal-tar Froqsesing 
Cquipment was a total loss and also must be completely ropullt. 
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The Lurel plant (fig. 10) will aoe be repaired, for the operators. be- 
lieve that the cost of imported petroleum will. be less than that of Tigquid 
fuels made by this process. Because the only coal available’ ‘Locally has ‘an 
excessively high ash content, and. low caking power, the semicoke produced ts 
of poor quality and by itself cannot justify future “operation of the plant. 
As the plans of this company are to convert the plant for the production of 
ammonium sulfate, large quantities of hydrogen, will be required.- Since, as 
has been shown, the Koppers ovens are superior to the Lurgi; carbonizers for 
this: purpose, they alone will be rebuilt... eg 


Ube Kosan K.K. ~- Ube Chisso works 
Location | ae 


The main offices of this ccmpany are at No. 1978, ‘Ogushi, “Ube, 2 Yamaguchi 
ken. Like Teikoku Nenryo Kogyo K.K., this plant was built in Ube because of 
its proximity to the Ube-Onoda-¢oal field. at bs 


History : a : - wae ; ; - ee ree oS ak : aa Ske Tyan ie giaie see: Sica acy 
| Although intended to ‘produce ammonium sulfate as a major product, -an 


as a byproduct in generation of the ammonia synthesis’ gas. Koppers continu- 
ous vertical. ovens were selected because of their ability to operate ‘satis- 
factorily with the low-renk coal available, to supply large amounts of gas 
rich in hydrogen, to produce satisfactory amounts oF low-temperature tar, and 
to: furnish semicoke for gas producers for complete. gasification of the origi- 
nal.coal. Of the same design as those built later at’ the Ube works of Tei- 
koku Nenryo Kogyo K.K. and illustrated in figure 7 ’ ‘the’ first bank of -Koppers 
ovens, consisting of 16 chambers, was canpleted in May’ 1934,' the second ‘bank 
of 16 chambers in October 1935, and the last bank oF’ 36° chambers’ in December 
1937. The entire installation of 68 chambers operated continuously until the 
plant was forced to stop because of banb damage . 


”~ 


“Ube. Kosan K. Me at present ‘has’ a ‘nothinel a hee rmdgr in’ od ¥81', 637 500, 


ean 


more ‘than 10 renee of the stock. 
~Bquipment | 


“Gasbow ter: - Being the first of these German- -designed units to’ ee pailt 
in Japan, the first and second banks of ovens wére constructed: of’ silica‘bric: 
imported from Germany, but the last bank was built with Japanese brick, Ord!- 
nary “schamotte" brick was used for the upper flues of all the units... Althow 
- the regenerators are of the combined type so that either rich or lean gas car 
be used for heating, the first two banks are fired’ only with’ raw, hot produce! 
| gas made from semicoke; the third bank of 36 chambers uses a gas: having @ 
‘calorific value of 290 B.t.u. per cubic’ foot and recovered ‘from the. raw syn- 
.. thesis gas by a Linde-system separator. All regenerators' ‘operate on’ a 30- 
minute cycle. The rated capacity of the 68 chambers is 600 tons of: coal per 
day, but the maximum actual input obtained for satisfactory perf ormanne: wag 
about 500 tons per day. a | 
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Figure 10. - Lurgi carbonizers at Teikoku Nenryo Kogyo K. K., Ube, Yamaguchi 
Prefecture. 
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- Stéam is admitted to the bottom of the carbonizing chamber at the rate 
of 50 percent by weight of the coal ‘charged. Without steam, the gas yield 
is 7,000 to 10,500 cubic feet per ton of coal; with steam, a is increased . 

to ee cubic feet: per ton. oe 


~ 


“Temperatures in ‘the carbonizer flues range fram 850° C. (1, 562°. z. y at 
the top to. 1,000° Cc, (1,8329 F.) at the bottom. Although no measurement has 
vesn made of the actual temperature of the coal charge, the SPOneLOre) esti- 
nate. “the maximum to be oo° C. (2,292" F.). 7 


sGiate pecovery System. ~ ea ventional: methods are used’ for peatecene 4 ile 

vars A large portion is condensed in a hydraulic ‘main and is flushed to a 
tar sump. A gas-cooling tower 6-1/2 feet in diameter and 30 feet high -col- 
lects additional tar, while a centiifugal separator ‘followed by a small set- 
ae chamber removes the remainder of the tar from the gas. All the tar is 

creined to a central sump, from where it is pumped to a-tank for gravity 
seperation of water, and thence to the tar still, The gas passes to an oil 
—scrubber.:10 feet-in diameter and 74 feet high, then to an oil separator 
‘pecked: with kaschig rings, toa sulfuric acid washer and a water washer, and 
to a Thylox plant for. sulfur removel and recovery. Next it passes to a final 
sulfuric acid washer and cooler, and:lastly to a.dry box for removal of re- 
sidual. sulfur hefare heen! etered ee a aoe holder of 700, 000 cubic. feet ; 
ee a 3 Oo . spat 

Sapenoeunt Painted - The eaaclane plant operates on' the. @eenen-ane 

siged Ibing system. . Crude gasoline is stripped fran the scrubbing oil by 

2 continuous Light-o1) still Pollowing-a heat exchanger, then is pumped to 
4 wish-oi] still. The condensate is stored in a@ tank ‘of 18-ton capacity, 

from where it is pumped to a motor-driven batch agitator in which. it is 
cronted successively with sulfuric acid and caustic soda, Finally,. the 
cruae gasoline pesses to a plate still, where the motor gasoline is removed 
end the ends:are sent to a pepe eros tank. Hcat exchengers are uscd 
ir eave ie 


“In tho tar Paine, a storage “ted of. S '000-ton caput feeds a plunger 
punp- which pusses the tar ‘through a stcam-heated drying tower to remove 
water, The dry tar is ‘pumped to a-heat exchenger and then to a pot still 
huated with coal, the pitch passing through a cooler to the pitch bay for 
STOPEGL « The vsepors flow through the heat exchanger to a water-cooled con- 
ccndey and thence - ta reecvivers for. the various. fractions, from which they 
Bess Ac) storuge Tanks »_ 


¥ eT . 
betes te Renker Guaiae 
ss * 
mare 
- 
wc te we _ 


“Both Light. ‘oil “ond, meee. Oil 1s" pasoeesd $n. tho samo typo of Sos at 
a fly, caustic soda ig used to recover phuriols, ofter which tho-oil is 
russed to a sulfuric-acid wash¢r and separated into basic-oil cnd light-oil 
ee eeetbe The sodium phcnolate: is pumped to a still,. the. condensate return- 
ing to tho cuustic soda weshcr and the residue to a storage. tank, from where 
st is pumped to’a curbon dioxidc saturator, ° The liquid thin pesscs — to a 
Scpcrating tower where the phenolic oil is vecovered, thence through a 30- 
“cn storuge tdnk to-o heatcr, flash towor, dnd two bubble towers to the 
sincl product - storage tanks, whore light oil, abaa, y an ond phenol 
_ re retained ate pees 
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The paraffin-recovery plant uses a 75-hp. emmonia compressor to re- 
frigerate brine, | the paraffin oil passing through a dryer before being pune: 
to the first. chilling tank... .The suspended solid peraffin is removed by a 
filter press, the heavy oil passing. to a 2,000-ton storage tank, the partly 
dewaxed oil going to a temporary reservoir fran where it is returned to the 
chilling tank as needed, and the crude wax going to the purifying system. 
Purification consists of treating the wax successively with sulfuric acid, 
caustic soda, ang hot water and | ‘pumping it through a sweating pan. The wax 
fraction is. ‘purified further by.. treating | it. again with sulfuric acid, wash- 
ing with hot water, and mixing with infusorial.. earth. Finally, it passes 
through another filter press and an infusorj{ai earth filter to a molding 
machine. .The resulting | product. is white, and its oe, appears exe srony 
ite melting point. is 45° to Ee C, G13! to _ se 


oN 8 
ye 


Operating Difficulties 5 i ae 


During’ the period of more. ‘than. ds years ‘thet this plant has been ne 
ting, tho principal difficulties “have resilted ‘tron the’ formation of .clinker 
on the qoven walls. | Initial’ operation of the first bank “was. attempted. with a 
bottom, flue temperature. of, 1,250° C, (2,282° F.), but at the end of i week 
~ clinker had. completely choked. the chamber's | and it: wis ~necessary to reduce 
the flue temperature. 0 a,maximum ‘of 1,000° c.. (i, 832° F.). | Since thé pres- 
sure in the hopper at. the bottom’ of tho’ chahbe} is. 100 mm, (3.9 inches) 
water gage, leakagé of air ‘is unlikely and the low fusion ‘tempcrature of 
the coal esh is considered tho limiting factor by the operators. Although 
Clinker continued to form slowly at the lower. fluc temperature, it could be 
removed by poking, but ‘this. damaged, the walls ‘and. ‘frequent petching ‘with 
fire clay was necessary. “The ‘development of ‘cracks. ‘in the walls end clogging 
of the ga with dust  figally mode 4 at ‘acsireble.. to rebuild the oyens. 


PR? pa me er eae PP 


Coal Used ; 


~The coal used is fron the ‘Olcirioyeia “ting,” ‘that ‘fron the Itsudan vein | 
being preferred, and is identical with that uscd in thé adjoining low-ten- 
perature carbmization plant of Teikoku Nenryo Kogyo K.K. Proximate analy- 
ges made over a period of 7 yoars are given below. to show -the magnitude of 
the variations in composition ; the ultimate qhalysis is splay of , pane 
sample of coal in November 1936... ; 


 Proximate’ analys6éof Otho enia_coal 


“Percent. See a 


ene 


Date 


TSglfur " 


‘Moist Gor atten Fixed carbon : ea 

May 1939..4., 9.8 | ; 1/; 

April 1940., 7.9 }: ho.6 36.7: ul, Bd -T/.:4 > 10,800 
March 1941.;10.5 ; - 41.6 1-35.60 URS |. Bf 10,100. 
June 1942.5! 9.7 -|... 36.5 |. 3542 $18,6-4 182. 1. 9,360 
Oct. 1942..1. 9.4 | 3763 Peele, <VlOe. ds6e° 3 10,100 
Aug. 1943..! 9.3 |. .38.0 | . Be |. 118.3 | eae 9,200 
Oct. 1943..|.8.5 | © 4025 |. .:34,2 116.8 | 14 |. 10,100 
May 1944...) 9.0 | - «hOWT Lf -* 33,6 | | 16.1 ce Co aes 9,650 
June. 1944,.;-8.0 | 40.2 |. 5200,. .;19.9 1 :1/ | 9,180 
Feb. 1945..1 5.7 |. 2 jog, Bly: (118.8; 1/ | 9 ,200 
May 1946...| 6.9 19.0.1 -..8 :: 


i/ Data not ene ttentes 
3.978 - 48 - 
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| Percent - 4 Calorific value, 


Moist do C No: 027% 8 Ash” —_B,t.u./lb. 


ae 4 0: 0.8: . 2.8 | 0-8 Ih.” 10,1207 


The classification by rank: shows thie be a cubs tuminious A coal, since it 
is both weathering and nonagglomerating.. ee 


7 ysis: of | Okino ema coed. ash = | 


eer eae oy ‘Init. | Fluid 
Percent © , def. ee 


Side Na Fen CaO MgO SOs Alk. temp,, °C," ° 
51.3 ay ee: Ae TB. Oe ~T,010 iss 


Records of the quantity of a eee show that 959, 943 tons were 
charged from 1940 to 1945, a rate of 438 tons per day. This represents 
continuous operation at 73 percent of: ie Cade tis, te 


Products | 
Semicoke. = The asses of semicoke <e Siuced fran: Pee to 1945 was 


568,692 tons, a yield of 59.1 percent of ‘the weight of coal charged. Typi- 
cal analyses of the ean cone: over a ded Perse? are as follows: 


Proxihate analyses. of semicoke 


"Percent 


Date Ash 
Sept. 19356 ‘eevee 0: 

Jane 1944 eoeee 
March 1946 .... 


Although the ash content of the ‘coal. Hes. ‘not cnenaed scppesiniy.< the seni- 
coke produced in the last few ‘years has! had’ an‘ increaging amount of ash. No 
definite explanation of this was furnished by the. operators , but it is prob- 
able that, in the attempt to optain the greatest possible production of gas 

in the carbonizers, the quantity: of ateam used may haye .been increased over 
that stated. A slight increase in ‘carbonizing ‘Cemperdture to obtain additional 
gas at the expense of part of the: tar also would have resultcd in additional 
decomposition of the steam adied,: and’ consequently: grebtor consumption or 
semicoke. This, of course, w aes gaused the ani content off the product 
to increase. ce ae _— a 


Liquid Fuels. - The propertios i bf the diguia proauets. obtained are 
given in table 13, 
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The yield of liquid products is reported in detail in table 6. Maxi- 
mm production of gasoline was in 1940 with 1,630 KL (430,613 gallons) out- 
put. Variations in reining practice caused the amount of gas oil, semi- 
Diesel oil, and bunker fuel to fluctuate somewhat although the total output 
per year varied only between 8,894 KL and 11,961 KL (2.3 million gallons and 
3.2 million gallons). As in other low-temperature carbonization plants, 
bunker fuel oil made up about half the output. The distribution of the 
products for the past 6 years is shown below: | , 


Distribution of liquid products | 


| Semi-Diesel | 


| Motor 


‘| Bunker Gas | ae 
Year Basis...-- [fuel <a oil’ "| gasoline [ Total 
iio ws. 5,475 2, 4h 0 424630 | 9,517. 
Gallons, thousend T4688; 638 om 451: - 2 515 
Percent ta alelh oad * D{- 5 H 254. r - es ey gr | 100.0. , ae 
ES < ee te i pazi< 3° 
a ee eT Cy 4 5AkLO | 599 115450: |10, 821 
Gallons, thousand "!1,417....: -901 = | --158 383 2 , 859 
Percent see eeev nee ig, 7 | 31.4 orem 13.4 | 100.0 
ie i 7 
INE Th GcteavayavseasdlO3o0 | 7886S: * 952 1, 2ho - *{11,961 
Gallons, thousand 11,690. | -@€90 oe | 528 3,160 
Percent sacssecess| S5et i 28.2 | 8.0; 10.4 100.0 
WOU Pi vacccasevseussa(@750. —aybee. « * 71,006 1,129 9,496 
Gallons, thousand tan “41,205 | 262.-; 298 2,508 
PErceet jaséeseucsl “OO & “ABA | 21.2! 11.9 | -100.0 
We: My Ladewkdadevnes eee 4,032 : 1,305 1,274 ceeds 
Gallons, thousand |1,149 11,065 | 345 310 | 2,859 
POYCONG oscgesewees| 39+ | Mee | 12.0 (10.9 | 100.0 
1945 KL socccevcccvees (1, 648 808. | 209 | ‘1402 2,807 
Gallons, thousand | 435 213 55 | 38 741 
POPoent: 649099 8.6% 55.7 z= 7 


For the period 1940 to:1945, the following relationship existed between 
the liquid products formed and the quantity of coal CALE: wilt 
Yield of. Liquid products , 1940-45 | 


| Bunker | Semi-Diesel ' Gas 


__ Basis fuel oil oil |__ oil 

MU J eveveserveecesves 5), 001 { es 9220 +, 152 

@llons, thousand .. | 94949 | 6,402 11,092 

= seaeenberars<++ (57s 45, 23 1089 . | 3,636 ma *.4 
reent by weight... 22s 9. hy a Saaa @ ore | 

Wield, percent of : co | ia 

. Oal che red eenrer « 2.41 | 
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Considering the quantity of gas prodiiced by these carbonizers and the 
high temperatures at which they operate, this yield of liquid products is 
considered satisfactory. The estimated yields of intermediate and final 
liquid products shown below are considered by the engineers oa the plant 
_to be representative of actual performance. 


| Estimated yields of intermediate and final liquid -products 


Basis: Raw coal zx 100 percent. 


Intermediate products Final products 
Item” | Percent : Item + Percent 

Low-temperature TAL eecves Motor gasoline eeocsrcecsece 0.0 
Crude gasoline ceecccocece .-| Pitch Trererererree ee ee ee is 73 
Paraffin oil eoveeneeveeeees Paraffin SMa eels eee ke ae ele 
Middle oil eer ree Bunker fuel oil senses Ge 1.56 
Crude Light. OLl cocccveces ' |} Semi-Diesel oil ecvrcrsese Ze 36 
Crude paraifin @eoaoevesesvegs Gas-oil Sie cara acerecesar eteUe eae «Tt 
Crude heavy Oil seccececes | High phenol oil]: ee cerecces = 

Y= 


Crude weler ee ee ere Cres ol rrr re eee ee ere ee 
. Gas. - A gas. balance made in January 1946 snowed that with an input of 
12,367 tons of coal and 6,183 tons of steam to the Koppers ovens, a total o1 
251,500, 000 cubic feet of gas was produced. This is at the rate of 20,40C 
cubic feet per ton of coal. The gas formed had the following camposition: 


_ Composition of Koppers-oven ges 


Percent Calorific value, 
C02 ~=+Ho CO CH, No Betis] Cus-£ts 
15.6 38.0 18.4 16.0 12.0 ~ 345 °°” 


Based on an assumed calorific value for the coal of 10,000°'B.t.u. per pound 
the gas produced is equivalent to 42 percent of the heat in the coal charge 
This high rate of gasification confirms the explanation’ ey abave for the 
high ash content of the semiccke. 


Costs | 
The costs of construction of the Koppers ovens are as follows: 


Construction costs, Koppers ovens 
Bank : 


No. of . chambers oe sesccesns : 


216 fos. 
Date of completion eecesces | May 1954 Oct. 1935 | Dec. 1937 
Cost: _ |. 
Buildings .cevececccsecce 61, 201 i 60,369 | ¥- 127,000 


Ovens Verret eee ee ee ee a 
Accessory equipment seoos | - 
Subtotal eevee scogeeene | 
Total eee eegqeoeooa ees. 


533, 1534 | 459, 459 | 696 ,050 
Ba 846,40 891 - 
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This cost is slightly more than half that of the more recent Koppers plant 
of Teikoku Nenryo Kogyo K.K., placed in operation during 1942. The gradu- 
' ally decreasing value of the yeu may have beeri partly responsible for this 
difference, although ,the increased cost of the later plant undoubtedly re- 

sulted fran wasteful pEBCLECEeS commensurate with an economy geared to war 
. ievels. j * : ‘ 


Present Status 


Damage to the Koppers ovens was slight through Baibings aa other 
units of the plant were destroyed or partly burned. The ammonium sulfate 
plant at present is able to function only at-a very low level, consequently, 
gas Trom the Koppers ovens is not required in large quantities. and the op- 
portunity is being taken to rebuild -the ovens for future service. As a re- 
sult, one pank is in operating condition, and the other two are being rebuilt, 
in May 1c¢h6 repair of ane bank was 50-percent completed. All three banks 
| will be Senne Sh Hmertag Sait ae as rapidly as possible. _ 


Oseke Gesu KK - Soiat works 
Location 


The plant was located-at Kawagishico 131, 'Konohana-ku,.. Osaka, Osaka-ken 


History 


As the low-temperature ‘oarbornizatign Smiimient was-dismantled in 1930, 
the plant could not be séen. The information reported was obtained in an 
interview with Dr. A. Shimomura son of. the inventor of the PrOreos 


Sod ~ 
A 


‘The objective ‘of tne sient was “6 pantibacture a spectal grade. of semi- 
coke as a substitute for imvorted. low-volatile- coxing’ foals used in the pro- 
duction of metallurgical coke. Since this company: hed. bdécn producing coke ° 
since 1898, the opportunity of replacing imported coal’ with'’a damestic ma- 
terial “produced ‘in’ ite own plant was eagerly sought: ’ -Semicoke for blending 
should contain 15 to 25 percent volatile matter and should be of about the 
same size consist’ as the coal with which it is -mixcd;-°tms the- Shimcmura 
proccss used at this plant was designed with this ond in vicw. 


A trial plant using this method was installed in the Iwasaki works of 
the ccmpeny in April 1922 and operated until December 1923. In September 
1923 a similar plant was erectcdat the Scimi works’ and was later expanded 
to include a more recent design, including a rearrangement ‘of dual carbon- 
izers to increase their capacity. However, because of general mechanical 
troubles and financial difficulties, ° the’ low-temperature carbonization plant 
wus dismantled in eae | 


Equipmerit | ne or Cera 
A deseription has already pcen even of the ey, horizontal, 
externally nee cast-dron ene with: BSE Sree internal neers the 


1978 a 2 ; - a : we eae a 53 = 


Google 


I.C. 7430 


| general arrangement of. the equipment is shown in figure ll. The desig 
capacity of the carbonizer varies according to the nature of the coal but 
is usually 3.5 to 8 tons per day for each retort. The coal tar was re- 
covered in three water-cooled condensers; no special processing equipment 
was installed for refining the tar, which was added to that obtained fra 
the high-temperature coke ovens at the same plant. 


Operating difficulties 


Operating difficulties consisted primarily of failure of the cast-iron 
retort through overheating. Although the temperature of the coai naminally 
was not allowed to exceed 500° C. (932° F.) csradual accumulation of coke cn 
the inside walls of the retort decreased the rate of heat transfer to the 
point where, to maintain adequate output,- it was necessary to operate the 


"* petorts.at metal temperatures as high as 800° ©. (1,472° F.). Under these 


conditiona the retorts failed through warping, their life being too short 
to juatify the cost. involved. To prevent this trouble the retorts were — 
scraped and cleaned to remove the adherent carbon, but the intervals between 
cleanings were so brief ‘that (operation was oe ee to be 
Satisfactory. 


A heat balance based on performance over a period of good operation 
follows.: The cauputation is based on the carbonization of 1 pound of coal 
with a calorific value of 13,150 B.teu. 


Heat balance, Shimomura retort 


—_ = oR | th ES 


Output . , ee 
7 Yield, 1b. . | Percent of 
‘Product ae | per lb. of coal| B.t.u. |B.tou. in coal 

Sicore Coven eceeeseses : 0.715 9 5250 ‘10. 
Heavy TEL crccccevcvserce : O71 ; 1,300 9.9 
Light tar @eecsvoeceooceos 2 HE. PRY 030 578 Wey 
Gas Cooeerseveceovessrcers | 1/2.58 | 1 835 13.9 
Subtotal coseoscvoce |. - _ 12,963 95.6 
Unaccounted for eee | ‘4 i ; 7 ; : | 16 1.4 
Total SCLrirer er cere , 13,150 100.0 


pe Cubic feet per lb. a coal, 
Cool Used - 


Strongly sdieiee ou, fron. the Yubari mine in the Ishikari. field, Hok- 
kaido, was commonly used. ‘This coal had tho following composition: — ; 


- Gamposition of Yubard coal 


Proximate enalysie, percent Calorific value, 


Moist Vol, matter Fixed carbon Ash , B.t.u./lb, 
O - lp 9 8.8 8.3 13,200 - 


It ts classed as a high-volatile A bituminous coal. Production data on the 
quantity of coal carbonized are not available, but from 19¢e5 until 1926 abou 
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SECTION C D 
Seimi works. 
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706 tons of coal was used, 
actual capacity ol tne carbcnizers cannot be 
rroducts 


Semicoke.. -. The quentity of semicoke 
noted was approximately 500 tons, a yield 
coal was carbonized, the semiccke had the 


or 
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Since the plant operated sporadically, the 


determined. 


produced over the 4-year period 


about 7O percent. When Yubari 


fTolLowing composition: 


Composition oF Shimomura semiccize 


Proximate analysis percent 


Calorific value, 


[ee ao ee a ee 
Moist Vol. matte Fixed cerocn Ash Be Celie Lvs 
0 Gg 72.6. 10.5 12,950 
Size consist, percent 
Larger then inch py 1 inch Snaller than 1/4 inch © 
Ce Le. . 4, iy 


Tne epparent specific gravity of the semicoke was 1.009, and its true speci- 
fic gravity 1.524, fram which the porosity was calculated to be 34 percent. 


According to Dr. Shimomura, it was we 


Liquid Fuels. - The tar recovered as a bd 
three water-cooled condensers. Its analysis 


li-suited for blending purpcses. 


yproduct was collected from 
is given below: 


Composition of low-temverature tar ~ 


Condenser 
tem No. 

Specific gravity, 25° Cs. ssceesswseeeee-| O590> * 05902 | 0.950 
Viscosity, Engler seconds at 50° C. ... 90 , {2 Jo 
Calorific value, B. t.u./lb. sececeeeees | 19,250 | 18,520 [19,150 
Sulfur, percent Coser ceerscccocecococes 0.34 ! 0.50 0.09 
FrEE@ CALYUCN, PCYCENE ceccceveveseveceve old | 002 05 
Flash point, °c, Terr errr Cece eT Tere Te | 46 39 


Yield, percent of coal carbonized .eece 


At the time this plant was operated, low-ts 
cdevoloped as a source of liquid fuels. 


c 


ae ee 


mperature tar had not yet been 
In addition, the small quantity of 


tar produced in this semicommercial plant did not warrant installing special 
processing equipment. That produced was utilized principally for cleening 
ges mains in high-temperature coke ovens, a small amount injected with the 
ecs dissolving adhering naphthalene and thus cleaning the main with a mini- 
mum of trouble. Sinall amounts were also used in the ammonium sulfate plant, 
where adding small quantitics of low-tcmpcrature tar to the saturator gave a 
whiter product. Tests were also made on the use of this tar for cerouretting 
water-ges but no commercial epplicaution resulted. 

Gas. - The gas produced in the Shimomure retort had the following 
canpcsition: 


Eye) D2 = 
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Composition of gas 


Percent Calorific value, 
C02 «(02 Ho CO CHy Cndm No Beteuefcue ft. 
506 6 OG 8506 6605 29.09 «6179 65 TL 


The yield was approximatcly 5,230 cubs c¢ leet per ton of coal whan the plant 
was operating properly; under these conditions, 13.9 percent of the latent 
heat in the coal appeared in thé ges. 


The daily gos consumption for heating the carbonizer was about 26,000 
cubic fect, while 18,C00 cubic feet pcr day was used in the gus engine 
driving the rotating agitator. At this ratc, &4 tons of coal would requirc 
carbonizing to supply the daily ges requirements of the plent. Since this 
input could not be mointaincd, it was neccessary to supply gas from an exter- 
nal source, and therefore no net gas was obtained from the process. AS a 
result, a modified desig was proposed to permit heuting the retort with 
coke or other solid fucis. 


No cost data are availeble. High meintenence expense, smell output and 
no financial return trom the tar prevented pr ofitable operation. 


Present Status 


lio further studies of low-temperature carbonization were made by this 
campeny after the plant was dismentled. At that time, importation of low- 
volavile coking coel fran North Chinu had reached’ « sutisfactory a her Panes 
thet fram Manchuria was available in quantity a few years latcr. As 
Sult, the necessity of using semicoke u8 2 low-volatile bicnding eee ea 
WES removed, ond the incentive for operating the plent was less powerful. 
Under en economy where importation of coking coal is limited, this process 
might bo revived. Advences in the refining “of coed. ter ond more favorable 
prices for liquid fucl, combined with bottcr ungincvring design end inproved 
materials of construction, might permit operetion of the process at a profit. 
Fundemcntelly, however, the uso of strongly caling coal in any intcrnclly 
agitated carbonizur can be cxpectcd to result in operating difficulties such 
that « wido margin of profit should ve cllowed to compensate for uncxpectcud 
emcrgencics. 


o KK. 


Toho Kugcku Kog 
Locetion | 

Although not adjaccnt to cny mejor cool ficlds, Nagoya is important os 
an industrial conter, The plant was situctcd ct Atsutau-mae, Mincto-ku, 
Nagoya, Aichi-kon, because of its proximity to a large group of ultimate 
CONSUMCYS « 
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Figure 12. - Retort and agitator for Mimura low-temperature carbonizer at Toho Kagaku Kogyo K. K., 
Nagoya, Aichi Prefecture. 
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Figure 13. - Mimura-type carbonizers at Nippon Hiryo Kogyo K. K. (formerly Toho 
Kagaku Kogyo K. K.), Nagoya, Aichi Prefecture. 
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Figure 14. - Internal agitators removed from Mimura retorts at Nippon Hiryo Kogyo 
K. K. (formerly Toho Kagaku Kogyo K. K.). — 
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Figure 15. - End of Mimura retort at Nippon Hiryo Kogyo K. K. (formerly Toho Kagaku 
Kogyo K. K.), showing rotating gear and gas offtake. 
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Hist or 


ueerpeentea in May 1938 with a capitalization of ¥50, 000, 000 and 
owned entirely by Toho Gasu Kaisha, this plant was intended to produce syn- 
‘thetic liquid fuels by the hydrogenation of low-temperature tar. Mimura 
retorts were to be used as the source of tar, 120 retorts being installed 
with au expected total capacity of 300 tons of coal per day. Construction 
of the ‘cartonization plant was finished in October 1940, but successful 
cperation of the accompanying hydrogenation system was not achieved, with 
the result that a refining plant was installed to process the low-tempera- 
ture tar directly to liquid fuels. In Jume 1945 the plant was taken over 
cy the Japanese navy and operated as the Second Naval Fuel Devot of the Navy 
Fuel Board. Activity ceased with the close of the war, and in Novemoer 1945 
the company was absorbed by Nippon Hiryo Kogyo K.K. Established in 140 as 
a distribution agency for inorganic fertilizers, Nippon Hiryo Kogyo K.K. was 
capitalized at ¥50,000,000, with the Japanese Government holding half the 
stock and private investors the remainder. Postwar plans for converting 
the plent to the production of ammonivm sulfete call for abandonment of the 
low-temperature caibonization units, which were being dismantled in May 1946. 
Coke-oven gas from the nearby plant of Toho Gasu Kaisha and water gas made 
from coke originating in the same plant will be adequate to produce the 
expected output of 40,000 tons of ammonium sulfate annually. 


uilpment 


Carbonizer. ~The Mimura carbonizer has oveen described adequately in 
én earlier part of this report. Briefly, it consists of an externally heated 
rotating: retort fabricated from mild steel, with counter-rotating horizon- 
telly oscillating rabble arms connected to a concentric shaft. The retort 
end agitatcr assembly is shown in figure 12 und views in figures 13 to 15. 
iicrmal carbonizing temperature is 500° C. (932° F.). 


Tar-Recovery System. - A hydraulic main at the top of the carponizers 
collects & major part of the tar, which flows directly to the tar pool. Tar 
remaining in the gus is removed successively by two water-cooled condensers, 
centrifugal tur separator, the cxhauster, and a third cooler, all of the 
tar pussing to the same pool, where it is separated from water and pumped 
to the tar-storage tank. After leaving the last cooler the gas passes through 
én oil scrubber, then to a caustic soda scrubbing tower where tar acids are 
removed, through a double ary box for sulfur removel, and finelly to tho sta- 
yen gos holder. 


byproduct Processing. - Crude low-temperature tar, after passing through 
a heat exchunger, is further heated to remove water, light oil being re- 
covered: from the condensate by gravity separation, The dry tar pesscs to a 
ecs-hected pipe still; crude light oil is recovered directly, while the ends 
Fess to a final pipe still with a flushing tower and fractionating colum, 
irom which crude light oil and middle oil are obtained. tnds from the flash- 
ing tower are given tumporary storege in a 50-KL (13,200-gellon) tank and 
finally are pumped to a pot still, where the heavy oil is recovered. The 
pitch remaining is cooled and pumped to the pitch bay. 
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The crude light oil is sciubved with sulivric acid, then caustic £043) 
end sent to a gas-neated pipe still where motor gasoline is recoverec. Tse 
ends from the fractionating column are further senarated in another pipe 
still to give kerosine and finished light oil. | 


Crude middle oil is washed with caustic soda, the sodium phenolate {| 
solution being mixed with that from the light oil and acidified with sul- | 
furic acid to release the tar acids. A pot still then separates the mictun 
into cresol and xylenol , and tar acid with a boiling point above 225° Gi 
(437° F.).. ! 


Operating Difficulties 


The use of a strongly caking coal resulted in masses of semicoke ad-. 
hering to the rabble arms of the internal agitator, thus freezing it in the 
retort. Attempts to move the agitetor under such conditions caused bending 
of the arms and failure of the agitator shart. Even with only moderately 
caxing coals, semicoke packed between tht blades of the agitator and pre- 
vented movement of the charge; thus, attempts to obtain successful operetia 
by slight preoxidavion or the coal during prolonged drying, blending of cca] 
or variations in speed of rotation or of carbonizing temperature hed little 
beneficial effect. a 


Leakage of air into the combustion space surrounding the retorts al- 
lowed local overheating to occur, the air:fuel ratio being disturved, La 
the result that temperatures of the metal parts sometimes exceeded 700° Ce 
(1,2e929 F.). Since all metal parts were of mild stecl, the life of the re- 
terts and agitators never exceedod 150 days, while failure sometimes occurs: 
within 15 days ef being placcd in service. The retorts usually fuiled at 
- welded joints. 


| Werping of a retort induced by uneven heating caused leakage of the 

byproduct gas through the end scals, particularly with the upper retort, 
which was under a static pressure of 1 inch water gage. This gas usuaily 
ignited, with resulting dam-ge to the mechanical equipment driving the re- 
tort and agitator. The lower retort was at a ncgativo pressure or 2 inches 
water gage, with the result that air leaked into the retort through the scu 
and allowed part of the gas to burn. Many attempts were made to redesign 
these scalg to prevent leakage but without succcss, the retort itself being 
insufficicntly rigid to prevent warpage under ae vemeere tice conditions 
imposed, 


| The mechanical driving equipment wes too complicated for this applica 
tion. Multiple driving. units made it necessary to shut down an entire bank 
of retorts to stop one for repairs, while the hydraulic actuators for the 
horizontal movement of the internal agitators were inadequate. Insufficicn 
Space between retorts made repair work difficult. Because of jamming of th 
internel agitator, uncontrolled air leakage into the combustion chember, 
warping of the retort, leakage of rotating end seals, and general mechanice 
difficulties, not more than @0 retorts of the 120 installed were ever in 
opseration at one tims. Although the daily capacity of the plant had bcen 
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expected to be 400 tons of coal per day, under the best conditions only 82 
tons per day could be carbonized. | 


Coal Used 


Despite the troubles caused -by-their use, aa strongly exiting coals 
were carbonized in these retorts. According to the engineers, such ccals 
continued to ve used because of the increased reactivity of the semicoke 
and the greater yield of tar and gas per ton of coal. The larger over-all 
cucpbut possible for the plant by using weakly caking coal at a higher input 
in tons per day was not acceptable to the operators, who insisted on using 
tne type of coal for which the plant supposedly had been designed. 


Coal used regularly was from the Oyubari and Yubari mines in the 
Ishikari coal field, Hokkaido, and from the Mssaku mine in Karafuto. This 
latter coal was less strongly caking than the Hokkaido coals and was used 
in blends to the extent of 30 to 50 percent; no substantial difference in 
cperation was noted when these blends were carbonized, the coal still being 
too strongly caking for this type of equipment. Rees of the coals used 
Tollow: ; a 


Proximate anolysis of coals. us ed 


eo eae | Pevecnt™ 

Kind Moist Vol. matter | Fixed carbon | Ash 
(OpEd veeviveeeeeee | dod 0.0 51.6 a, 
PYUDEI: widest ewes cine. |, eae 42.8 | 49,8 6.2 
NisSaku_sessccceseses |, 403 We 5) ea ors Oe 22 


Classification of oe Bonits is not possible, since data on their calorific 
velue are not available; because of the high content of volatile matter, they 
probably should be erences as high-volatile B bituminous coals. 


The quantity of coal carbonized-each year is included in table 6. Maxi- 
rum input was in 1942 with 29,971-tons of coal for the year, thus the maximum 
uverage carbonization rate is 8e tons of coal per ays 


eHesueta 


Semicoke. - The quality of the sqnicoke varicd widely, particularly 
with respect to ash content. ‘The analyses following show the composition of 
three typical samples, although the eource the coal being carbonized at 
that time is not available: ; foo 


oe net 7e08 ae semicoke 


OL ceacenesngp veces Oc aie 3 : 
Diaveweeseereiece -- 25: 1k Os | 3. i, 13.7 
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Size consist of semicoke © 


Larger than 1 inch wo /4 inch Smaller than 
‘lL inch . wy a inch a inch a — , 
10 


It could not be determined definitely. whether the ash content of sample c 
was high because of excessive ash in the coal or because of combustion oc- 
curing within the retort. As the quality of the coal is most likely to 
change, this factor is probably responsible. 


Semicoke production was at a maximum in 1942, when 19,652 tons was 
produced, a yield of 65.6 percent. During the entire life of the plant 
71,925 tons of semicoke was preps from sane ,OL9 tons & coal, a le 
of 67.2 percent, 


Semicoke in sizes larger than 1 inch, making up 10 eetenie of the 
Output, was sold as domestic fuel to replace charcoal. The size between l 
inch and 3/4 inch was also sold partly for this purpose, as well as for use 
in gas producers. All of the semicoke in the range 3/4 inch by 3/8 inch was 
gasified, while that smaller then 3/8 inch was briquetted. e: 


' Liguid Products. - Properties of the Liquid products are shown in 
table 14, om 


Only small quantities of aeteds were Obtained in this: Gamat: pro- 
duction being noted only in 1941. Like other low-temperature carbonization 
plants, the principal liquid fuel produced was bunker fuel oil, as shown in 
the following tabulation of liquid fuels and their yield, in terns of the 
quantity of coal carbonized for the entire lif fe of the plant. 


Distribution and yield of liquid products 


| Bunker | Gas , Motor | i(High-boiling| 
Basis ‘fuel oil} of] gasoline ;Cresol |Xylenol! tar acids | Total 
Kiloliters...'2,50. /i@ll ee . - 3, 316 
Gallons, | | | | | 
thousand...; 661 ‘214 a | - | - ! - | 876 
TONS seseeeey (2,628 ‘718 3 179 jaze- fb 733 3,673 
Percent by : sal J : 
weight ....; 71.4 | 19.6 100.0 


No) 


Yield, per- | 
cent of coal | 


chargod ee 


The low seiintensy represented by a total yield of iauda products of only 
3.43 percent is evidence of the unsatisfactory: per formance ae ad 


SS eee 


4 


2.46 


1978 | | MES 2 


noes 7 , Original from 
Digitized by 
soil » Google THE OHIO STATE UNIVERSITY 


Original from 
THE OHIO STATE UNIVERSITY 


Digitized by Google 


- To - 9l6T 
*sprooer LueduOD :99.tn0¢S 
} | SSTOBTTBAG B78 ON SCN 
CN | 7 | ig 3 ; t . } | 5 c | 0cO*T Parra eo ne eee 
: 3 Be eat err | 3 : ee TB FUT TTOQ-ysTtH 
aN aN WES? a. wn ee Ce 2 s | Oo: {oO . +9 | 46 | Fs Dk eT, go EE OS oa 
aN GN «| ‘GN’ " ©) GN. qN | 0. : {0 lo. C6 1 eo E toe eee eet Tegaay 
O2T aN “MW: | 4 3-a . | an: ! aN.! an | CN | an | aN A JOP eO ase tee Boats 
aN ce. (|: ttt | -: ot | zor | ov6e [grey leet [66 jo ~ | . tort [++ Tro Teng zémumg 
aN Ot tr art Se et et SE ROE Oe | q°TT joruh kes e Gr6° |°** THO Tesetd-Tules 
CN aN * CN ON | 1. Jo Fes ie MOL FE Ff vt? ae teers sees ge6 gen 
aN aN aN OS «| @ 10. 3 r -{0 ~ [0°6 |O°T6; QeQr j°*** SUFTOSe? s040W 
CIN CN CN aN CN O°Se. 7O°TR 'O°ST 1C°OT 12°O 1. -960°T [reset *** 2a} epi 
.quboted 1°90 40G **998S) "Do | eMPT | oGe | Ole | Gee | OLT} °D OST TeTteqey 
‘fuoqzeo | poompey r qutod | -seq | -ol2 ;-See |-d1T | -0 | SA4 TACs 
IB, TenpT sey | sad aiia m3 Use Liar - gumtoa £q qus0.1ed | Sta TOeds 
fen, foBuer DUTTIO. 
“ve To oy sepa oyog s.oOnpo.td pTn TT 50 setyredoig - “HT TICVL 
of€hL *O°I 
}boob-pd#esn ssaode/bu0' SNn4u TY ey MMM//:d11y PSZTITHTp-3}]b005 ‘utTewog 2T1qGN¢_ 
6zaEP9ecoseHze: Nso//Z7O0Z/}aU" a puey* py//:sdi1zy / IW TS:8T 6T-60-vZOZ UO pazesauay 


I.C. 7430 


Gas. - Although not operated primarily as a source of gas, the gas op- 
tained from this installation was of greater importance than the liquid prod- 
ucts. Canpositiao of the gas for four samples taxen at a ae times was 
es follows: 


Camposition o7 gas from Mima retort | 
me Calorific value, 


Seurte_["@ie [os [ie [00 [a [Gia | B.tan./ on. th, 
G coseocesersseevege 
db ease eeeceeaneree ie 
Cc Oe 472 
ol eS ee ee ee, ae 490 
AVErage ...e-cees SCRE ABS ALCAERRETCOEGECE bE 


Leakage of air into the retorts is evidenced by the large proportion of nitro- 
gen in the gas. Coke-oven gas normally contains less than & percent nitrogen 
and has a calorific value of about 580 B.t.u. per cudic foot. 


Data available on the total amount of gas produced each year peraee 
calculation of the yield of gas per ton of coal, as follows: 


Ges produced per ton of coal 


| 
Gas produced,  Coul charged, 

Year ' cubic foet tons 
19 0) eoeogee 5 O09 , O00 
U4 .eeee | 270,686,000 
1942 2.006 | 251,336,000 
1945 .eeee | 199,148,000 
194 cece 119 , 383,000 | he 
1/ For 466 5.t.u./cu.ft. of gas and 12,000 B.t.u. Ib. of coal. ES 


Although more than the yield from the Lurgi carbonizers, the heat in the gas 
formed is less than half that of the Koppers continuous vertical Ovens « 


Other Products. - The quantity of pitch, cresol, xylenol, and high-boil- 
ing tar acids produced was insignificant. The total production of pitch was 
2,652 tons for the 5 years of operation, while only 324 tons of the other 
producta was recovered during the same per rote 


Costs 

Exact construction costs of the plant were not available, The best esti- 
mates were ¥3,000,000 for the carbonizers and ¥2,000, 000 for the tar recovery 
and processing plant. At 82 tons of coak per aay, or 29,900 tons per year, 


this represents an investment cost of: ¥167 per ton of annual capacity, approxi- 
mately four times greater than the Lurgi carbonizer. 
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Figure 16. - Damaged Knowles ovens at Nihon Yuka Kogyo K. K., Kawasaki. Kanagawa 
Prefecture. 
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Present Status 


Although operating difficulties hed been great, the plant was maintained 
in service throughout the war until a severe earthquake in December 1944, - 
which caused major pronerty damage and great loss of life in Nagoya, de- 
stroyed parts of the plant. ‘The fire-brick structure surrounding the retorts | 
w.8 SO Cadly cracked that control of temperature was impossible, while mis- 
aligmment of the end bearings of some retorts prevented their further use. 
Following the earthquake, the plant operated at very low capacity until in- 
cendlary Damping put it entirely out of service. Because of its poor per- 
formance, the plant is being ccmpletely dismantled and will not be rebuilt. 


Nihon Yuka Kogyo K.K. ~ Kawasaki works ~ 
Location - | | a | 


The plant is located at No. 34, Ogi-machi, Kawesaki-shi, Kanagawa-ken, 
approxinately midway between Tokyo and Yokohama. It is in the centey of one 
of the most industrialized areas of Japan. 


tistory 


Founded in January 1935 with a capital of ¥1,500,000, the original ob- 
jective of this company was the production of liquid fuels and industrial 
chemicals fran coal tar by distillation in pot stills and by hydrogenation 
ol the residue. At that time there was no intention to preduce tar, which | 
weS to be purchased fram high-temperature coke plants in the Tokyo area. 
However, in March 1936, the plans were expanded to include production of coke 
and of coal tar, and the capitalization was increased to ¥3,000,000. A con- 
tract wus made in February 1937 with an American engineering firm whercby 
the patent’ rights to the Knowles system of carbonization was obteined for 
the Orient, and in July 1937 the capitalization was increased to ¥10,000,000 
to finance the construction of a battery of Knowles ovens (see fig. 16). ° By 
July 1939 two experimental ovens were completed, and following a succcssful 
scries of tests the decision was made to install a full-scalc plant of 60 
ovenS. However, ca prior agreement with Showa Denko K.K. whereby that com- 
Dany had agrecd to purchase semicoke for the generation of water gas was eb- 
rcgated; thus only 30 ovens were built, construction starting in September _ 
1940, Shortages of materials and the onset of the war delayed construction, | 
so that the last of the ovens was not completed until January 1943. | 


Actually, of the 30 ovens built, only 5 were placed in service carbon- _ 
izing coal. Lack of adequate cool supplics prevented greater use of the in- 
Stellation, the coal capacity for all the ovens totaling 140,000 tons per 
yeor. Since the evailability of coal during the war wes not expected to in- 
prove, cn order was issued by the Army in March 1943 moving the entire instal- 
lation of Knowles ovens to Kéilang, North China, where metallurgical coke was 
to be made. However, since the Knowles ovens were suitable for the production 
of pitch coke needed badly for clectrodes, the company succeeded in retaining 
15 ovens for this purposs. The carbonization of pitch was begun in October 
1943 end continued until July 1945, when the plant wes destroyed by bombing. 
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Hydrogenation of coal tar was never satisfactorily accomplishea, thus 
removing one original objective sor constructing the pliant. instead, nyirc- 
&enation of kerosine to produce aviation gusoline was done on a limitea scale 
with the equipment available. 


Equipment 


the Knowles ovens have been described in a previous part or tnis report; 
construction followed exactly the plans furnished frcm the United States. 
The general arrangement of flues and of otner details is shown in figures 1/7 
and 18. All refractories were of Japanese make, the floor tiles of the ovens 
used for carbonizing coal being silica brick while those for pitch were of 
silicon carbide. Neither of these brick were of good quality, the silica 
brick being almost black when fired while the silicon carbide appéared to 
contain an unusually large amount of a clay binder. . Other brick used, in 
constructing the ovens wero “schumotte," a high-alumina fire brick. 


The tempereture of the air leaving | the regenerators was maintained as 
closely as possible at 1,100° C. (2,012° F.), and the regenerators were oper- 
ated on a res evelc. The surface of the floor tile was kept at 1,150-C. 
(2,102° F.). A charge of coal weighed 7-1/2 tons and when levelcd was about 
12 inches deep; the carbonizing time normally was 14 to 15 hours. With coal- 
tar pitch the charge was 8 tons and was 8 inches deep when melted, while 12 
hours was required to complote its carbonization. | 


Coal tar from the ovens was processed in four simple pot stills. Bc- 
cause of the small amount of tar obtained from the opere.tion of only five 
ovens, no involved ter recovery or processing equipment was installcd. 


Overating Difficulties 


Operating difficulties were minor. Principally, they consisted of ac- 
cumuletions of carbon on the floor tiles when carbonizing pitch, this carbon 
requiring removal by scraping to maintain satisfactory raves of heat transfer 
Damage to the silica brick was severe under these conditions, and it was nec- 
cssary to use silicon carbide brick for this application. The life or tne 
Silicon carbide floor tilcs was 1 yoar when carbonizing pitch. "Pushing" 
the semicoke was no problem, but was difficult with the pitch coke because 
of adhercnce to the floor. Lceakago of molten pitch around the edges of the 
doors was negligible. 


Coal Used 
Coals from a wide variety of sources were carbonized in the experimental 


ovens during the period 1939 to 1943, both elone and in blends. The followin 
table shows the composition or three typical coals. 
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As data are: aeeine ‘on tie i talorific ‘valué' of thé coals, ; they’ cannot be 
classified by rank. By comparison with others from the same’ general loca- 
peony: ; they probably should be. “Ons seer oe high-volatile A bituminous Coals ». 


- “Production date; incluattie the, “quantity of ‘coal Garbonized, ‘were ‘de- 

stroyed when the plant was‘ banbdéa.° According to' the enginéers, each oven 
carbonized approximately 100 tons of coal per. month, whereas 2, based on a 
total ‘cycle of 18 hours for charging, carbonizing,- ‘and: pushing, the input 
should have ‘been 3G0° ‘tons per month. Thus, these dveris opératéed ‘at only 
One-third of rating, but the generally ener eee nature of the Plent was 
not conducive to oe ce regia - 
.~ -ALthough. based-~on.- experimental. Jane -poth: these: data and those 
that follow are: propabky. representative: of cammercial performance. fFull- 
size ovens were ues , and ‘the Sit cet generally were snes ans an oer 
ating plant: Lose nee tates et deere ee | ee ere biter 


Products ” 
“Bantcoke.s, ¢ = Athoaa ‘low. an average , volatile aatece "y the pain spuoauee 

of the ovens ‘is “termed "semi cdke"™ ‘to’ ‘distinguish tt fram coke made in verti- 
cal’ blot-type’ Ovens. Also , it hag. greater reactivity “than usudl high-temper- 
ature’ coke and ‘consists of a mixture of ‘products havirig ‘widely varying vola- 
tile matter: ‘content, depending” poh’ the position’ Of a given particle in the 
charge’ and ite distatice’ fran the heated’ “sole.” ‘The. semiccke produced from 
the coals listed above had’ ‘the following: properties: - 


Ee fe ee bes reals . * Cong opi tion of Semicoke” ee - 


Proximate STE percent Parseys | Coking conditions 
Coal No. (Moist ‘Vol. matter. Fixed: carbon ‘Ash percent Temp,, °C.;Time, hr. 
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Size consist, percent 


. Semicoke 


... . | yield, Drum index 
Coad’ No. percent Slot oven 
lL veevee| 8755 94.5 ae 3 43.8 . 
SO Sjeewal “Ofst 85.3 . 57 70.0 .. 64.2 

bistereintel. Ces 945.1 4.5 85.6 E+ .2 


In the drum test a sample of coke is rotated in a standard drum at 15 r.p.n. 
for 2 minutes. The coke is then removed and sieved, the amount larger than 
16 mm. expressed as percentage of the weight of the sample being taken as e 
measure of strength and termed the “drum index." The best metallurgical . 
coke is expected to have a drum index of 85 to 90. Although two of these 
cokes do not meet this requirement, those produced -in the Knowles ovens are 
stronger than the cokes made in conventional vertical slot ovens from the 
same coals, the difference peane erceves as “ee neoe tendency of the coal 
decreases. 

Approximately 10 000 — of sae gore was enor fran October 1943 
to July 1945. When carbonizing pitch, the ‘products ‘were, approximately, 50 
percent pitch coke, 22 perceny pitch oil, rand re percent Bas. 


Liquid Products, - No data are seni spie: on the properties of the prod- 
ucts refined from the coal tar, although the small quantities produced are 
listed in table 6, The properties of the raw coal tar are as follows; 

Composition of coal tar 


age ie mee 
of coal charged! 15° C, 1 0 235 | 270 a Residue 
7.8 1.092 10,5 117.6 25.3 
16h caine fe 
8 6. 5113.5 16, 


There is no seseneial difference in the three eas ; “which, in general, are 
‘ intermediate in nature between true low-temperature tar and that obtained 
fran conventional high-temperature slot ovens. The quantity of tar acids 
is typical of a modium-temperature process, The boiling range, however, is 
more indicative of low-temperature tar, the residue being small while the 
lower boiling fractions-are relatively large,. ... 


Coal Tar acids, 


percent 


Gas. - The composition of the gas from the Knowles ovens when carboniz- 
ing the three coals listed. BROVe: is as follows: eee 


"Composition of eos -_ 


so | - mo Calorific valuc, 
Coal No. [os [oe TR | 2 CO [oa Te Te B.t.u./cu. ft. 
1 ee 50 D20 
wee een er eee 600 
Vero eee 605 
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Gas, cu. ft./ton of cual ff Yield, percent 
Coal No. | Gross Output | Reqd. for heating | Net yield | of otal rexays) made 
a eaeeeveeeeoe 10, 350 +} 590 5, (60 par 


C eecsccacse ND ND | ND ND : 
4 ervceesceesose 9,890 L 2ho 5,650 . 2. mE 


iD: No data available. 


The gas is identical in composition with that from byproduct coke ovens, 
wiile the total amount of gas produced is also comparable. However, because 
of increased heat loss, the consumption of heating gas is greater than with 
vertical slot ovens, thus the net yield of gas is less. 


Present Status 


The installation of Knowles ovens at this plant was 90 percent destroyed 
by bambing. Much of the refractories can be reclaimed; but auxiliary appara- 
tus, such as that for coal handling, the leveler and pusher, piping, and elec- 
trical equipment, must be entirely replaced. Because of the satisfactory 
performance of the ovens and.tne high quality of the coke they produced 
Irom Japanese coals, the ovens will os rebuilt if permitted and ir suit- 
able financial arrangements can be made. However, no decision has been 
reached as yet by the company regarding its field of activity in the future. 


Toxyo Gasu KK. = Tsurumi works 
Location 


The plant was located at Anzen-cho, 1-1, Tsurumi-ku, Kanagawa-ken, in 
the same industrial area as the Nihon Yuka Kogyo pliant just described. 


History 


Tokyo Gasu K.K. was one of the early companies in Japan to install high- 
temperature byprcduct coko ovens as a source of gas, 20 FKFoppers ovens veing 
duilt at the Sunimachi works in 1919. The Tsurumi works is more recent, with 
72 byproduct ovens built in 1930 and 48 ovens added in 1941. Because of the 
agemand for liquid fuels in the years preceding the war, it was decided to 
install a low-temperature carbonizetion unit to supplement the tar already 
bcing obtaincd from the high-temperature ovens, and in.193G construction 
was started on a plant of 240 retorts designed by S. Mimura, then an engi- 
meer of this ccmpany. Because of the necessity for hastc, no adequate test- 
ing of the design was ettompted, and the plant was laid out full-scale in 10 
benches of 24 retorts each.. The design, which originated in this plant, was 
idsntical with that of Toho Kagaku Kogyo K.K. in Nagoya, which has already 
ctecn described in considerable Getail. The first 5 benches of 120 retorts 
were Placed in operation in 1940 but gave so much trouble that the remaining 
5 benches were not completed. By 1943 it was evident. that the process was 
rot suitable for strongly caking coals; and rather than attempt to continue 
operation using coals of less caking power, the project was terminated and 
the plant dismantled. Much of the equipment, consisting of retorts and car- 
bonizing apparatus, was sold to Toho Kagaku Kogyo, which was still attempting 
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. to operate its nlant; the remainder was consigned to otner-coke plants for 
miscellaneous uses, mich of it being sent to Karafito, although there is 
no record of its eventual use. Dismantling of the plant was campleted vy 
the end of 1944, : | 2. rn 


Equipment 


The design of the equipment and the operating difficulties were the 
same aS those already described for Toho Kagaku Kogyo K.K. The accumlatia 
of large masses of semicoke in the retort was most objectionable, since it 
resulted in jamming the agitator and necessitated stopping the unit for 
cleaning. Warping of the retorts and leakage of the end seals also. were © 
annoying, while inability to heat the retorts uniformly was a constant source 
Of trouble. Mechanical difficulties with the driving equipment often inter- 
rupted otherwise satisfactory operation. Also, because one motor drove the 
agitators for 40 retorts, troyble in eny one retort in that system made it 
necessary to stop the others. As the result of tnese difficulties, all 120 
retorts were never in opsration simultaneously, only ebout &0 retorts usually 
being in serviceable condition at one time. 


Coal Used 


Because all the rccords pertaining to this plant were destroyed when the 
Plant was dismantled, no analyses could be obtained of the coal carbonized. 
Data from another source showed that 6,188 tons of coal was carbonized during 
the 3 years the plant was in service; maximum input was. believed to ve 90 
tons per day. According to the engincers at the plant, the coal was from 
the Yubari mine in Hokkaido and thus was strongly caking. No weakly caking 
coals were used, but attempts were made to decrcaso the caking tendency of 
the Yubari coal by passing it through en internally heated rotating drum at 
00° C. (3929 F.).- This "thermodyzing" treatment was incvffective, probably 
because sufficiont time was not allowed to achievo adequate surface oxide- 
tion, but dcteils on the conditions of the treatment were not mown. 


Products 


Analysis of tho semicoke wes not available, but it was said to be un- 
Suitable for portable gas prcducers vecause of its high content of volatile 
matter. However, it was used succcssfully es domestic fuel in place of cher: 
coal, Thc total amount of semicoke produced was stated to te 4,108 tons, a 
yicld of 66.4 percent of the coal casbanized. - 


The propertivs of the tor or its yiclds on rcfining could not be ob- 
tained, but S57 tons was procuccd in all; thus 9.0 percent of tho wight of 
the coal was recovered as low-temperature tar. Despite the difficultics in 
operetion, this represents «4 oe acaa uss grcater recovery than wes obtcined 
at Toho Reged OGy° K.K. 


No information could ve obtained on cither the quality or the volume of 
gas produced, or on the volume cf gas required to heat the carbonizcr. 
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Costs 


AS an estimate, the cost of the carconization plant was ¥4,000,000, not 
including equipment for processing the tar. At 4,300 tons of coal per year, 
the actual maximum capacity obtained, the investuent cost would be ¥930 per 
ton of annual capacity, approximately 19 times greater than for the Lurgi 
carconizers at Nissan Hkitai Nenryo K.K. The disnaragement between these 
costs indicates the unsuitability of the process as a satisfactory or prof- 
itable means of carbonizing strongly caking coals. | 


Present Status 


The engineers of this company stated that the entire operation of the 
carbonizers had been a "nightmare" and that they were relieved when the 
decision finally was made to abandon the plant.. Even operating data were 
destroyed, since they were considered too humiliating to be retained as a 
matter of record. Because of the complete failure of this plant, it is un- 
likely that any further activity on low-temperature carbonization will be 
attempted by Tokyo Gasu K.K, — | 


Nippon Seitetsu K.K. - Wanishi works 


Location 


This plant is at the site of the largest steel plant in northern Japan, 
at Muroran, Hokkaido. 


History 


Originally established in 1909 as the Wanishi Seitetsu K.K., this cam- 
pany was merged with others in 1934 in a move by the Japanese Government to 
consolidate the entire stcel industry under state control. The new company, 
Nippon Seitetsu K.K., was capitalized in 1934 at ¥359,821,000, of which 
¥284 ,195,000 was owned by the Government. Production of the campany in 1934 
accounted for 96 percent of the pig iron, 53 percent of the steel ingots, 
and 44 percent of the stcel products made: in Japan. At present, the total 
capitalization is stated to be ¥800,000,000. : 


Because of the importance of coke in the metallurgy of steel, consider- 
able attention has beon paid to the production of coke solely from Japanese 
coals. Although high-volatile cocking coals are available both in Kyushu and 
Hokkaido, the low-volatile coals needed for blending to produce satisfactory 
metallurgical coke have not been obtainable other than by importation, usu- 
elly from North China. In the attempt to place the industry on a self-sus- 
taining basis, the substitution of semicoke for low-volatile coal was 
studied intensively, and in 1936 a low-temperature carbonization plant was 
installed at Wanishi for the production of such semicoke. This plant oper- 
ated successfully until the ond of the war, when it was forced out of oper- 
ation, together with much of the other equipment of the plant, by restric- 
tions imposed by the occupational forces and by lack of adequate coal 
Supplies. 
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Equipment 


Although Stated by the plant enginee:s to be a Jupanese development, 
since it was designed and built without ovtside assistance, the Wanishi low- 
temperature garbonizers are pstterned closely. aster the Thyssen retort orig- 
inally. constructed in Germany. The mechanical features of the externelly. 
heated, rotating, horizontal, cylindrical retort with internal spiral flense 
have been satisfactory, and no unusual difficulties have. been experienced 
during operation. Figure 19 shows the general arrangement of a carbonizer 
and its associated dryer. | 


The carvonizers usually are stopped once a year ror ebout 1 month for 
cleaning, when accumulated tar and dust are removed, and general repairs 
made. Except for this annually scheduled outage, no interruptions to oper- 
ation normally occur. In this. plant, Your carbonizers were installed, each 
with a seperate heating furnace ; but. only three. were operated - at a time, 
one being retained. as a apare,. | The expected capacity of..each carbonizer 
was 100 tons per day, thus the normal capacity of the pant was 300 tons 
of coal por day. ; 


Because of the greater expected yield of ge.soline,: the, tar-recovery and 
processing systems are seperate frcm thosc alréii idy available for the verticel 
slot ovens also installed at this plant. Originally, the gases leaving the 
carbonizers passed through a Cottrell precipitator for removing tar mist and 
dust, but c~dequate provisions had. not. been made for cleaning so.that caccumu- 
lations of dust end tar prevented satisfactory operation. Substitution of a 
hot cyclone-type dust separator solved this problem satisfactorily. After 
leaving tho dust separator, the gases pass through cooling towers, where 
most of the ter is recovered, and then to water-spray towers before entcring 
the oil scrubper. From the scrubber. the.gas flows into a, emeul gas: holder 
before being pumped into the gas mains of the plant. 

Tne scruobing oil passes cu eat exchangers | toe continuous heater 
ond a fractionating colum, where the stripped oil is. returned to the scrub- 
ber through the heat exchanger anda cooler... The crude light o41, leaving 
approximately at 93° C. (199° F.), also passes, through the heat exchangers 
end entcrs a tank, from which it flows ra) needed through ray sulfuric acid.. 
scruober to the final still, where motor Baer is recovercd. 


The tar obtained fron ihe ‘initial. coolers ond that senasited from the _ 
water, in tho sprey towers is stored in tanks wntil necded. .Distillation is. 
in a triple cascade pot still, from - -which tar light oil is. sent to the crude 
Light-oil storage tank, middle oil to the wash oil tank, .and heavy. oil to 
storuge. Pitch is sent directly to the pitch bay. A flow sheet for process- 
ing the low-temperature ter is shown.in figure 20. a | 


Coal Used 
Because of the type of the retort, only noncaking coals have been car- 
bonized at Wanishi, for it was well reolized that caking coals: would build 


up into masses of semicoke end clog the retort. Further, because the semicok¢ 


1978 oT 


Google 


"S¥JOM JUS! UEM ‘*y *y NSJOZI9S UOdGIN Ze 4OZIUOGQIEDS 94NzZe4BdWO}-MOT - °6| O4NBi4 


pga a i aa 
: py] sequiey> uonsnquio) MOY Oe 
VIL dE! 


[as 
ime 
i 
[Ne 


yA ee 


PSN 


5 
“4 
‘ 
‘ 
4 
‘ 
‘ 
~J 


ee 


Rea 


SS 


NA RA RAZA 


SE 


~J 


\ G 


some Pd 


oer, 


S 
j ‘ 
! 

mo 


DA DANN Nee KAMARKARARKZ 


pw 
LD 
Daina: 


AWAY WAVAYA VAS 


» Google 


ebhe sae 
rill che 
*. 


P tt OF th. o> eng g 


pmry hg AAS 
ro Mixing table high-temperature 
Crusher 
Ob rpm. 7 pest > ale 

ers : Water cooler 

: - x 
¢ i = | 

N ses ann eee 
el | pu 
Waste gas Ss {( Sle 

fan oe 


‘ 
Ree ee ee eee 


——\™ column still 


Middie-oil tank 
(wash oil) 


P=pump 


innniTiny 


Column still 


Figure 20. - Flow sheet for low-temperature tar at Nippon Seitetsu K. K., 
Wanishi works. 
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required for blending was needed in sizes smaller than 34 mm., there was no 
necessity for carbonizing coel capable of producing lump semicoke. The 
source of the coal used in the low-temperature carvonizers was variable; 
that from the Kakuta mine in the Ishikari field and fram the Miruto mine 
near Bibal, noth in Hokkaido, were used ordinarily. Coal from South Bibai 
end Horonai mines also was used in small amounts. The following table 
shows the quantity of each coal used over a 6-month period during 1944, and 
the amount of semicoke and low-temperature tar obtained. 


Coal used and yield of products | 
aa a 
April | May ‘June ! Jul Awe : Total 
| | | 


Coa. carbonized, tons: 


NOKU UG. esis sresee' 6 ee wes ! 990 1,541 2,266 7 M22 | 204 856 | 6 »278 
South Bibaissesessses | 505 | 17E; 231). BH; 16 0} 962 
MITUtO dhdcereueveseee-ctdg (le (kyoto SOT «4 515 | 255 504 | 5,276 
HOronai cecccececneese | 385 | 478! 796 34; 16 Oo} 1,709 


HSU el tialoiracteweurais '5,860 [1,005 | 490 [1,360 [1h 285 


semicoke produced: 


Tons Ceoeoveeerengeeeege 


| 
| 
j 
| 

Yield, percent eeevrves | 15.0 | 75.0 | DO 175-1 | 75.0 75.0 
Coal tar produced: : 
| 


250 50 | 28)- 73 8E9 


{ 
at 
2,680 [P2920 910 | 754 | 368 |1,020 | 10,670 
75.0 
3 | 
223 | ahs : 


Tons @eeeoeoonv0d00e20808080206060860806806 
Xield, percent .....s. _6.1 | 6.4 6.4 >. 5.0 le De 5.4 6.1 


the total quantity of coal carbonized since the erection of the plant is 
5€6,517 tons, excluding 1948 and 1939 for which production data are not 
available. The average annual rate therefore is 70,814 tons. - 


Proximate analyses on each of these coals havo not been made, but a 
typical mixed sample had “the following canposition: 


Proximate analysis, percent, moisture-free basis Calorific value, 


Vol. matter Fixed carbon Ash ~=&B.teu./lb. 
cot oT NBS 11.35 12,400 


hacen te to the eneniaees: ae the plant, the caking tendency of the mixture 
wes O. 


Products 


Semicoke, ~ The yield of semicoke for a typical 6-month period has 
been given. From the beginning. of operation in 1946 until the plant was 
closed temporarily at the end of the war (excluding 1938 and 1939), a total 
of 424,372 tons of semicoke was produced.- Thus the average annual output 
was 53,042 tons and the yield.74.9. percent. Maximum production was in 1943, 
with 79,073 tons of semicoke, equivalent to 240 tons per day for a 330-day 
year, or 80 percent of naminal capacity. © The composition of a typical 
sample of semicoke is: ee : 
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- Proximate’ analysis, percent, moisture-free tasis Calorific value, 


Mol. matter Fixed carbon Ash B.teu./lo. 
25.2 oe Dost a 19.4 11,260 


Semicoke for blending with high-volatile bituminous coal normally is con- 
sidered best when the volatile-matter content is approximately 15 percent, 
but'in this plant 2) ‘percent volatile matter is preferred. 


The effect of semicoke in a blend on the strength of the resultant ccxe 
is shown in figure 21. Yubari coal- by itself produces a brittle, fingery 
coke and is not snited for use in blast furnaces because of its tendency to 
be crushed by the burden. Thus, for ooke made from Yubari coal without ad- 
mixture of other materials, the quantity of a sample retained on a 1/2*inch 
sieve is only 41 percent after the standard drum test. However, when 10 
percent semicoke is blended with the Yubari coal before’ carbtnization, the 
resultant coke is much stronger, 65 bercent being retained ’ On a (i/e-inch 
sleve enter the same test. 


pning 1942, for blast Hureces of l, 000-ton ieee it was necessar} 
to use a blend containing 40 to 50 percent North China coal to obtain ade- 
quate coke strength. However, the coke at Wanishi during this same pericd 
usually was made from.a blend of 70 percent Yubari coal, 15 percent North 
China coal, and 15 percent semicoke and was’ suitable for blast furnaces of 
intermediate size, that is, 500- to 700-ton capacity, The nature of the 
high-volatile coal used affects the strength of the resultant coke and fixe: 
the quantity of semicoke required to obtain optimum’ results. In general, 
_ the addition -of 10 percent semicoke is considered satidfactory. On this 
’ basis, the annual production of semicoke from this plant is sufficient to 
blend with approximately 477,000 tons of coul” ‘to yield about a8, G00 vane 
of coke. 


Liquid Fuels. - Only motor gasoline and bunker fuel oil were obtained 


as major products from the Low-temperature tar. Their analyses and that ct 
the tar are given below. ) | 


Properties of: liquid fuels | 


Specific gravity, 30° C..ee. 
Flash point, C. @#eeeoev e886 8 


2359-3702 C. eeoeoeeeeosaeoeoce 
2700-3500 C. oe eerececones 
Residue CCOCH COLE LOSE ECHOES 
| Estimated. § ND: No data available. 


Neutral oil, percent .seees. | ND 99.5 } 70.8 
Acidic o11, percent eeesssee |! ND | ‘5 1 27.8 
‘Basic oil, percent csseceee- | ND , Trace | > 
Distillation test, percent: i: : : 
OC ac ae ad 76 2. 
L7O°-2355° Ce cevecpoecseee | 18 | ay | 7 
| 
| 
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Figure 21. - Effect on the strength of the resultant coke of adding 
semicoke to Yubari coal. 
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The yield of tar for the 6-month period tabulated above varied between 
5.0 and 6.4 percent. Total production, including 1938 and -1939, was 35,676 
tons, or 6.4 percent of the weight of .coal carbonized. A greater yield 
would have been obtained had the volatile matter in the semicoke been reduced 
still further, but under the conditions of operation necessary to furnish a. . 
solid product containing 25 a volatile eee this here of tar is 
considered satisfactory. . ba ee Be Reta 


Data on the quantity of motor gasoline and bunker fuel oil produced 
were not available from the company but were furnished for the period 1940 
to 1945 by Teikoku Nenryo Kogyo K.K..:.Total production for this period and 
its Sie ec to che vases of coal SanbeniZed: ciaaiale 


Beate = Tuscon 285 0 Line. “Total 
KilOLItErs veswesiosees | » 169. a Ess —— 14,892 
Gallons, thousand «eae |. ' gay 3,097 .:. | 3; 934 
TONS Js esses aves ecaca (fe 2,450. — 2. el deg i ; 113,945 
Percent by weight ..... Et oem 6, BAe 100.0 
Yield, percent of coal | =>. . at. He of a, e | 

che ced eceeneee aXE. — a 220 a eee 265 eh 


Although these stele of Liquid ee are. ena ee represent a reason- 
able amount, since the aan ces co aes plant was the production of 
high-volatile semicoke. ee se 

Gas. - The composition of the gas obtained fram the carbonizer is as 
Follows: : 


Posen: : “ Calorific value, 


coe O02 . He CO CH Cae tine No B.teu./cu. ft. 
12.0 0.3 Hie 7.5 33.1 1635 I0.6 15.8 78 


The COo and No are both greater than in normal ‘coke-oven gas, while the Ho 
is much less. However, the calorific value is high because of: the unusually 
large amount of CH) and: nigher. hydrocarbons, resulting in a moderately rich 
gas. Data_on the quantity of gas obtained werd not available, but the vol- 
ume required for heating the carbdcnizers is-more than that made; thus it is 
necessary to supply some gas from an external source , in bea case the high- 
Cempeneure coke ovens: ae ‘the same Brees : 


eres ent status 


The Rou eaersaS eit aeaiae tant suffered no war damage. Al- 
tigugh nonc of the carbonizors were operating during Junc 1946, when the 
plant was inspected, all could ‘nave: been ‘Placed in service immediately. 

Since these carbonizers-aré operated only to ‘provide ‘semicoke for blending, 
and as they require’ some coke~ovén gas: for: heating, ° their operation is re- 
lated closely-to that of the high-temperature ovens. As these: ovens are now. 
iargely out of service because of poor maintenance during the war and because 
coal is not available in adequate amounts, the immediate necd for semicoke 
nas largely been eliminated. Further, until the future status of the steel 
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industry of Japan is clarified fram the military standpoint, the coke indus- 
try also will be on an indefinite footing. If and when coke production is 
resumed at the Wanishi works, the low-temperature carbonization plant also 
will be placed in service, since, with postwar shortages in imported low- 
volatile coking coals, the importance of semicoke as a Renae agent will 
be greatly enhanced. 


DESCRIPTION OF PLANTS - KARAFUTO AND agua 
General’ 


No inspection could be made of piants not ‘in Japen Proper, avis to. 
limitations on travel-outside the American ‘occupation zone. - However, .many 
of the companies operating these plants under Japanese direction were con- 
trolled by Teikoku Nenryo Kogyo K.K., which furnished plant.descriptions and 
production data. This information necessarily was incomplete. but served to 
provide an adequate account of the low-temperature-carbonization industry 
outside Japan Proper but under Japanese ownership and control... Of interest 
is the fact that, during the period April 1940 to August.1945, liquid fuels 
produced by iow. tome retire carbonization plants in Japan Proper amounted 
to 203,069 KL (53.6 million gallons), whereas that from plants in Karafuto 
and’ Korea was 211,943 KL (56.0 million gallons), or 51 percent of the total. 
Each of the four plants described used Lurgi carbonizers. 


Teikoku Nenryo Kogyo K.K. - Naifuchi works 


Location 


The plant was at Naifuchi, approximately due ‘east of Naihoro, | near the 
southern end of Rerer UE, which is also. called South Sakhalin. 


Equipment ; 

This plant was built in close proximity to the Naifuchi coal minc, which 
has an estimated output of 1,000,000 tons of coal per year. The primary ob-- 
jective of the plant was the production of liquid fuels; and, because the 
coal was weakly caking, the Lurgi system of low-temperature carbonization 
offered the best means of obtaining a satisfactory yicld with a minimm of 
operating trouble. Two Lurgi carbonizers, cach rated at 300 tons of coal 
per day, and two rated at 200 tons per day went into operation in December 
1943. At the close of the war two more 300-ton units were 50 percent com- 
plete and two additional 200-ton units were 70 percent. complete. When fin- 
ished, therefore, the plant would have had a rated capacity of 2,000 tons per 
day, or 660 ,000 tans of coal per year, the largost under Japanest control, 


The tar Pinar was not completed in August 1945, but two tar pipe 
stills having a total capacity of 400 KL (105,672 gallons) of tar per day 
were in operation. The liquid fucls made consisted only of motor gasoline 
and bunker fucl oil, The. gasoline refincry had a daily capacity of 50 KL 
(13,209 aa Ge Bre | | 4 
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Coal and Products ° 


ihe cauaposition of the Naifuchi coal and of the semicoke made in the 
Lurgi carbonizer is: 


Proximate analysis, percent 


Moist Vol. mavter Fixed carbon Ash 
Coal e@eeoeeoeee2eeneeeneeeseee @ 8.5 36.9 37.8 16.8 
Semi coke @eeceoeecesseonverce 2.4 2. 8.6. 64.1 ok 9 
0 analyses of the liquid products could be obtained. 


Although the plant had not reached full production, engineering studies 
indicated that the yields would be about as follows: 


Expected yield, percent 


Product of coal carbonized 

DEMLC OKG: . 19.4006 .4: We 6 ab were Gee ose 6) 

Crude tar eCoeeceerenoenreeesene 10 

Crude gasoline eoceceseoneceoege a 

Motor GaBOLiIne ceecccccccecces 0,62 
Gas O21 si eutes obs swe w coe eee s 1.29 
Semi-Diesel O11 ceccoccevececs 590 
Bunker LiiSl: “O11: oc.6:6 w 6 wes 6 sceene 1.32 
Pitch eoeresceaesneeregeesnereeseere e209 
PEVal Lin, tess eGo peseeewaeoses ~ 38 
Credo). 6 odes seews ose seek ees ele 


43 13 usual with such plants, the actual recovery of semi-Diesel oil and 
cunker fuel oil may differ considerably from that expected. 


For the period December 1943 to June 1945, the quantity of coal car- 
donized was 251,406 tons, as shown in table 15, a daily average input of 
482 tons based on a 430-day operating year. Since the rated input of the 
plant was 1,000 tons per day during this period, it operated at 48.2 per- 
cent of capacity. The quantity of semicoke and of liquid products made 
iuring the same period is: 


KiloliterS pesees 
Gallons, thousana; - 
Tons évseseeeewes 1150,699 


—— 


1,591 : 25 , 843 1178, C95 


Yield, percent of | 
coal charred ee 59.7 | 0.54 10.3 | 70.54 
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Costs 


The total cost of this plant was stated to be ¥131,035,402, including 
the coal mine and associated property. Since a large part of the plant was 
still under construction, the cost per ton of installed capacity cannot be 
computed, but the investment costs are muca greater than in any other plant 
for which cost data were obtained. 


Present Status 


Ae this plant has not been accessible since the end of the war, no 
information is available on its present status. When left by the owners, 
the plant was in working condition, and all equipment was in good order. 


Teikoku Nenryo Kogyo K.K. - Naihoro works 


Loceticn 


This plant was located at Naihoro, on the west coast of Karafuto, ap-~ 
proximately 50 miles north of the southern tip of the peninsula. 


Equipment 


Originally built and operated by the Mitsubishi Sekitan Yuka Kogyo K.K., 
erection of this plant was begun in 19354. Initial operation was in 1935. 
Two Lurgi low-cemperature carvonizers, rated at 150 tons of coal per day, 
were the first installed in Japan and were built, with the assistance ofr 
German engineers furnished by Lurgi-Ges¢lischaft, from which the patent 
rights and engineering data were obtuined., All the equipment, with the ex- 
ception of the exhauster fan, was made in Japan. In 1937 the plant was ex- 
panded with the construction of two more Lurgi caroonizers each rated at 200 
tons of coal per day, thus increasing the total daily plant capacity to 700 
tons. Later the ccmpeny was absorbed by Teikoku Nenryo RETO: K., placing 

he plant under Government control. . 


The tar recovery and refining system was the same as for later Lurgi 
carbonizers, except that cyclone dust separators were uscd in place of the 
Cottrell precipitator, which had not yet been developed to & satisfactory 


Operating troubles included clogging of the gas distributors with coal 
dust, thus decreasing the actual capacity of the 150-ton carbonizer to only 
100 tons of coal per day. Lator it was found that injecting steam into the. 
ccnbustion chamber of the carponizing section increased the gas volume to 
the point where the distributors were swept clean, thus increasing the capa- 
city to 180 tons per day. There is no indication that other plants opcrating 
Lurgi carbonizers in Japan havo .used this scheme to keup the distributors 
Trom becoming clogged. Corrosion or the gas mains by sulfur. corrosion was 
sceverc; there was no provision in the design for removing sulfur from the 
gos durned in either the drying or the carbonizing sections, . 


1978 Po 


Google 


I.C. 7430 
Coal and Products 


Coal was obtained from the Naihoro mine near the isnte Its size wes 
2 inch oy. 3/8 inch and its proximate analysis and that of the semicoke were: 


Proximate analysis, percent 
Moist Vol. matter Fixed carbon Ash. 


Coal eoeoeecesreoeeeeeeeeeee 14.0 41.0 aed d 19 ; 
eee Covet ovsegeesece eo ee "650 . : 17.6 13.2 


Although 1 no seca of caking index was made, the coal is considered — 
noncaking. 


Predicted performance, based on ‘the coal ana the expected action of 
the carbonizers was as follows: 


Expected yield, percent 


, Product of coal carbonized 
Semi coke CooCC ROC OOH CSO HEHE ODe 55: 
Crude: VE eis iiece see a8 6e ow wes 9.3 
Crude gesoline eoecceevecgcecece 1.2 
Motor. gasoline Goccoceeocgsesore 085 
Gas: oil cbGeeCea se eee eee Mette: ys) 
Semi-Diesel oil Ceeeneeeeesere . 3.02: 
Bunker fuel. oil. Coeceeernceeee ee -- 619 
Pitch Coe Cee eeenerereesseceee a a oe 53 
Paraffin COTE RCo OOH HED EKO COS ve ef 
eyesok Coecerereresroreesecenee 7 te tvs 


These yields are. considerably different CG these esneeed at the. Naifuchi 
Plant, the principal difference being an increase in gasaqline and a decrease 
in bunker fucl oil. Because actual production may be considerably differcnt 
from that prceaicted, particularly in the eae aes of a a Be 
these data are of raed value. - 


The quantity of. ecal savbonieed aeons mee starts: dn 1935, is 
1,563,361 tons; thus it has a larger total production than any other plant 
on which data have been optained. Information is sketchy on the quantity 
of semicoke: produced and of liquid products obteined; for. the period 1940_ 
to 1945, when 1 patos tons of coal was acca the Products were as. 
sukceonads eS | 


as ee eee | Gas, Semi-Dicsel | Bunker : 
Basis’ |_| Somiccio |gasoline| oil eu lpia Gia) Teeadl 


Kiloliters aewceweees Sc body 5D 1. | 22,72) | 72, 5132 
Gallons, thousand »ej , .- | 3,047. j2, hel, 7,272 . | 6,011 { 18,791 
Tons eeekenneh taunt ns LEQ FS 8, 196 25,876 al, 5 676,511 
Yield, percent of _ | | es | = 

coal charged sess! 60.85 
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No anelysis was available on the excess gas obtained from the Luregi 
casbonizer, but it was stated to have a calorific value of 273 B.t.u. per 
cudic foot, considerably higher then other Lurgi carbonizers. The volume 
cf cooling gas entering the carbonizer for each ton of coal carbonized is 
71,600 cubie feet. 


Costs 


Total investment in the Naihoro plant was ¥28,116,942. For a rated 
ennual capacity of 231,000 tons of coal this represents an investment charge . 
cr ¥l22 per ton of capacity per year. 


Present Status 


Like the Neifuchi works, no information has been received from the 
plant since the end of the war. So far as is aia all the equipment was 
in operating condition in August 1945. 


Chosen Jinzo Sekiyu K.k. - Agochi works 
Location 
Heigendo 50, Agochi-yu, Keiko-tun, Kankyohokudo, Korea, 
Equipment | 


Four Lurgi caxbonizers, each having a cepacity of 150 tons of coal per 

czy, have becn in operation at this plant, while three more ot the same size 
were under construction at the end of the war. In addition to low-tempera- 
ture carbonization, a synthetic methanol plant was in operetion, end a hydro- 
gsnation plant had been built. Hydrogenation of coal, however, was still in 
an experimeital stage, and commercial production was never attained, the out- 
rut at most being 100 KL (26,418 gallons) of gusoline per year, Methanol 
production was more satisfactory, an estimated 13,000 KL (4.4 million gal- 
lens) being made in 1944, of which 90 percent was furnished to the Army Fuel 
hoard and the Naval Office of Accounts and. Supplies. According to the engi- 
ncurs, this methanol was used largely as fuel for internal-ccmbustion engines 
cf expendable aircraft of the "kamikaze" type. 


Coal and Products 


No analyses of the ccal used in this plant are availeble; it was ob- 
tained from the nearoy Agochi mine and from the Shora mine, the exact loca- 
tion of which could not be detcrmined. The entire plant used approximately 
£50,000 tons of coal per year end produced an estimated 140,000 tons of semi- 
CCK. Exclusive of methunol, production of liquid fuels z:ecached a maximum in 

ij42, with 19,68 KL (5.2 million gallons) ehipped. During the period 1940 
to 1945, as shown in table 15, a total of 73,920 KL (19.5 million gullons) 
cf liquid. fuel was produced; 27,000 KL (7. 1 million gallons) of methanol was 
mide during this seme period. 
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Costs 


The capital investment in the entire plant was stated to be ¥90,000,000 
but no inYrormation is availabie cn the distribution of costs. 


Present Status 


Like cther plants in this zone, no information could be obtained on the 
present condition of the equipment. The Tokyo office of Nippon Chisso Hiryo 
K.K., half owners of the ccmpany, have had no contact with the plant since 
the termination of the war. 


Nippon Chisso Kogyo K.K, - Eian works 


No detailed ‘nrommaeion could ve obteined on this plant, but it was 
understocd to be equipped with Lurgi carbonizers first operated in 1942. 
Production was small, only 9,317 KL (2.5 million gallons) of liquid fuel 
being made in the period between 1942 and the end of the war. 


DESCRIPYION OF UNCOMPLETED PLANTS 
General 


Increasingly sericus shortages in liquid fuels as the wer progressed 
Stimulated interest in low-temperature carbonization, as such methods were 
found in general to give little trouble in operation even through tne yield 
of liquid products per ton of coal was not as high as for Fischer-Tropsch 
synthesis. However, many of the planned installations were never canpletedi, 
either because they were poorly conceived, or because of lack of materials 
and manpower. Four of these plants were Bit tuated in Hckkaide and one in 
Menchuria; those in Hokkaido were inspected, the information reported being 
based cn personal cbhservation. Data on these plants is given in table 5. 


. Nihon Nenryo Kogyo K.K. 


This company was founded in Iwamizawa, Hokkaido, in 19357, with a capi- 
talization of ¥2,000,000. The objective was to construct a plant for the 
low-temperature carbonization ot coal, but except for tho purchase of a 
plant site of 6 acres, no further work was done. An internally heatcd car- 
bonizer wus being considered in which coal would pass countercurrent to the 
flow of hot. gases, the coal moving over and through a serics of rotating 
horizontal trays stacked in a vertical cylindrical stecl retort. No detailed 
plans of the carbonizer had beon prepared, nor had an experimental unit been 
constructed, and it is unlikely that this i will attempt to construct 
a working plant. 


Nippon Jinzo Sckiyu K.K. - Takikawe works 


Originally incorporated as the Hokkaido Jinzo Sokiyu K.K. in December 
1938 with a capitalization of ¥70,000,C00, a plent for the production of 
synthetic liquid fuels by the Fischer-Tropsch process was begun by this 
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Figure 22. - Uncompleted battery of Knowles ovens at Hokkaido Tanso Kogyo K. K., 
Hiragishi, Hokkaido. 


, 


fra’ 
eer: eget ; : 
is Tyvuae - 


PP all 
eoM 
‘oe 


NANT 
VW 
BY a 


agiw 


‘rea 


» Google 


THE QHIO STA 


oo 


* 
’ 


I.C. 7430 


ccnpany in June 1939. Trial cperation was started in December 1942, but un- 
expected difficulties delayed regular production until April 1944. In Oct- 
ober 1944 the campany was incorporated with otners to form the Nippon Jinzo 
Sekiyu K.K., with a capitalization cf ¥150,000,000. Dirficulties in oper- 
ating the synthesis-gas process and unexnectedly low yields caused by unsat- 
isfactory catalyst performance resulted in the decision to construct a low- 
temperature cerbonization unit to increase the plant output of liquid fuels, 
end an installation of Knowles ovens was planned. Construction of 2 batter- 
ies, each with 50 ovens, was begun in March 1945. The ovens were to be of 
standard size, 40 feet long and § feet 9 inches wide, with a capacity of 7 
tens of coal per charge, and thus would be identical with those built in 1940 
by Nihon Yuka Kogyo K.K. at Kawasaki, which furnished details of the design. 
Termination of the war stopped construction; the foundations for all 60 ovens 
were completed, but brickwork on only 15 ovens had been started and was about 
3) percent finishei. Lacking information on future policies regarding such 
plants, no decision has been reached oy the company concerning the completion 
of these ovens. . 


Nippon Jinzo Sekiyu K.K. - Rumoil works 


Like the Takikawa works, this plant had belonged originally to Hokxaido 
Jinzo Sekiyu K.K., and, as part of the over-all plan for production of syn- 
thetic liquid fuels, was to have operated a Fischer-Tropsch synthesis plant 
on ges made by Fiag gas generators and Lurgi complete gasification equipment. 
The six Fiag generators were expected to have a total daily capacity of 600 
tons of coal and were tc have been operated with recovery of tar for bypreduct 
processing. Because of the similarity of the tur to that obtained from low- 
temperature carbonization processes, this equipment was conSidercd in that 
classification, although all the semicoke produced was to be gasified within 
the gencrator. Construction of this plant was delayed because of lack of 
matcrial, the Takikawa works being given a priority on available equipment, 
thus construction did not procecd beyond the foundation stage and the Fiag 
generators hac not been manufactured. Future plans call for abandoning the 
intended liquid-fuels plant and converting the cxisting buildings and equip- 
ment to the processing of fish preducts for fats and oils as well as food, 

A proposed merger with the Hokkaido Suisan Gyokai to form the Hokkaido Suisan 
Xagaku Kogyo K.K. would supply the neccssary funds, 


Hokkeido Tenso Kogyo K.K. ~ Hiragishi works 


This plant is situated at Hiragishi, Sorachi-gun, Hokkaido. Originally 
belonging to Nihon Yuka Kogyo K.K. and known as the Sorachi Works, the plant 
wes to be constructed in Hokkaido because of its proximity to large deposits 
of coal. Preliminary plans called for the construction of 120 Knowles ovens 
of atandard size, with a capacity of 540,000 tons of coal per year, expected 
to produce 460,000 tons of semicoke and 36,000 tons of coal tar annually. 
Although construction was begun in October 1944, none of the ovens were 
actually built, only temporary construction shovs being finished by August 
1945. 
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In Jenuary Agha, Hok: caido Tanso Kogyo K.K. was formed with a cepitali- 
zation of ¥10,000,000, with Nihon Yuka Kogyo holding 10 percent of the stock. 
Construction: of a "plant began immediately on the same site planned for the 
Knowles oven installation of Nihon Yuka Kogyo K.K., thus the Hiregishi worzs 
and the Sorachi works coexist and constitute a single plant. The objective 
of Hokkaido Tanso Kogyo K.K.. was to produce electrode carbon by the carboni- 
zation in Knowles ovens of a creosote extraction of coal; this extract: would 
be reliably free of ash and. thus would be a substitute for coal-tar pitch. 
An installation of 15. Knowles ovens was begun for this purpose; the ovens 
were GO percent camplete in August 1945 (see fig. 22). The imtended produc- 
tion. of electrode carbon was relinquished at the end of the war, the future 
intention of the company being to ccamplete the 15 Knowles ovens to produce 
semicoke and liquid fuels. Financial considerations and lack of menpower . 
and materiula may prevent the carrying out of this plan. = | 


| Manshn Jinzo Sokiyu K.K. - Chiclin works 


This plant, located in Chielin, Manchuria, was to have produced methancl 
synthetic liquid fuels by the Fischer-Tropsch process,-and liquid fuels iron 
low-temperature tar obtained by the Lurgi process. The campany was capital- 
ized at ¥50,000,000, with, Telkoku Nenryo Kogyo'K.K. holding 35 percent of the 
‘gstock,. The four Lurgi carbonizers , of ‘which two were ccmpleted, were each 
. rated at 150 tons of coal per day, thus the Pinal installed daily capacity 
off the plant would have been 600 tons. By August 1945 construction of the 
plent had not been completed to the point where Production could begin. lis 
present status is unknown. 
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